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MAGNETICAL INSTRUCTIONS.* 



The elements on which the determination of the Earth's Magnetic force 
is usually hased, are the declination, the inclination or dip, and the 
intensity ; the declination is the angle which the magnetic axis of a freely 
suspended magnet, or the line of the mimetic meridian, makes with 
the true or astronomical meridian ; the inclination is the angle by which 
one of the extremities of a dipping needle, or magnet freely suspended 
by its centre of gravity, dips below the horizon ; the intensity is the force 
exerted on a dipping needle (or magnet so suspended) to retain it in 
its position of equilibrium, or the power with which, when withdrawn 
from this position, it tends to revert to it. 

The third element (the intensity) may be resolved into two compo- 
nents, one acting in the horizontal, the other in the vertical direction ; 
and its absolute value or variations may be obtained indirectly from 
observations of both components, or by combining the observations of 
one component with corresponding and simultaneous observations of the 
inclination. The portable instruments, and the instruments for a fixed 
observatory, described in the following pages, furnish the means of de- 
termining the absolute values and the variations of the declination, the 
inclination, and the horizontal component of the intensity ; the abso- 
lute values and variations of the total intensity may be calculated (if 

* The instructions in the following pages have been compiled from the different 
sourcesmentioned below, with the assistance derived from the instruction given to me 
in 1839, by Dr. Lloyd) and the information which I have received from him verbally 
and in writingsince that period ; the instructions for the use of the Induction Inclino- 
meter from the account of the instrument published by Dr. Lloyd, its inventor ; 
the instructions for the use of the other instruments from the description of the 
Transportable Magnetometer by M. Weber (Scien. Mem. Part 8), from papers by 
MM. Gauss, Weber, and Lament, translations of which have been published in 
Taylor's Scientific Memoirs, Parts 5, 6, 11, and 12, from the revised Magnetical 
Instructions written by Dr. Lloyd and authorised by the Royal Society, and from 
ofther papers by Dr. Lloyd, published in the Transactions of the Royal Irish 
Academy for 1840, 1841, 1842, and 1843.— C. B. R. 

a2 
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required) according to the formulae, 

R = X Bee 6 ; 
aR a X 



R "" X + **°^ ^^5 



where R denotes the total intensity, X its horizontal component, 

A R 3 A X ^ . , ^. 

— =r— and their relative variatio 

R X 

variation expressed in terms of radius 



-r=r— and their relative variations ; the inclination, and A its 

R X 



TIMES OF OBSERVATION. 

Permanent or Temporary Observatories. 

The observations to be made at a magnetical observatory are of two 
distinct classes : observations to determine the variations of the mag- 
netic elements, and observations to determine their absolute values. 

Differential Observations. 

The differential observations, or observations of the first class, are 
arranged under three heads : — 

1. Regviar Observations^ to be taken every hour at the full hours of 
Gottingen mean time, or where the strength of the observatory does not 
admit of hourly observations, at every even hour according to the same 
reckoning. The observations of the three elements should be taken as 
nearly simultaneously as possible : the observations of declination at 
the full hour, and the observations of inclination and horizontal force at 
intervals not exceeding one minute before and after the fulLhour; the 
heights of the attached thermometers, the barometer, and the wet and 
dry bulb thermometers, should be registered immediately before, or im- 
mediately after, the magnetical observations. 

2. Temi ObservaiionSy to be made simultaneously at pre-appointed 
times. The terms at present agreed upon occur once in every month, 
and commence on the Friday preceding the last Saturday of the 
months of February, May, August, and November, and on the Wednes- 
day nearest the 2\st of the eight remaining months, beginning in both 
cases with 10 p.m. Gottingen mean time. 

With one observer, the magnetical instruments should be observed in 
the order and at the intervals given below, the Induction Inclinometer 
being observed at equal intervals of time (intervals of half a minute or 
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lesB) before and after the observadonB of declination, 
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If two observers can be employed at the same time, the Bifilar Mag- 
netometer should be observed at 0", B", 10*, Ac., instead of 2J'*, 7^*, 
&c. ; or the number of observations may be doubled (if it appear ne- 
cessary), and the three instruments observed simultaneously every 2^ 
minutes. 

The meteorological instruments are to be observed at the commence- 
ment of every hour of GOttingen mean time ; the attached thermometers 
hourly, or half-hourly, according to the extent of the changes of tempe- 
rature. 

3. Extraordinary Observationny to be made on all ocasious of marked 
change, and especially during the occurrence of an aurora. The in- 
tervals at which these observations are taken will depend on the number 
of observers engaged and the extent of the changes ; generally they 
should be taken at as small intervals as possible.* 

If the changes are very rapid and irregular it is desirable that 
the observer should confine his attention to one instrument, and, in 
lieu of recording the observations at stated intervals of time, observe 
the extreme readings of the scale, and the times at which the magnet 
commences its return movement towards an opposite extreme, so as to 
determine the extent and duration of the movements in opposite direc- 
tions. 

Absolute Determinations. 

The number of absolute determinations required at an observatory 
must depend on the stability of the telescopes and scales of the diffe- 
rential instruments, and in the case of the inclination or horizontal 
intensity, on the permanence of the magnetic condition of the soft 
iron cylinders of the Induction Inclinometer, or of the magnet sus- 
pended in the Bifilar Magnetometer. Each determination should be the 
mean of several independent series of observations, and a sufficient 
number should be observed to verify the connexion of the differential 
observations, or if they should be found incorrect, to afford the means 
of eliminating the errors. The line of detorsion should be re-adjusted 

* If all the telescopes, or any two of them, are within reach of the same seat, the 
readings of each instrumeot may be taken with ease at intervals of one minute (or 
even less) by only one observer. 
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between each series of observations of the absolute declination; and, 
on the same principle, different magnets and different weights should be 
used in the determination of the inclination and the horizontal in- 
tensity. 

At a fixed observatory it may be considered as a general rule, that 
the absolute declination should be determined once at least in every six 
months, the absolute horizontal intensity once in every three months, 
and tbe inclination monthly, the result being obtained in each case from 
the means of several independent series of observations. In the ob- 
servatories established by Her Majesty's Government and the East 
India Company, the dip circle is observed on two days in every week, 
twice in each day, in such a manner that the middle of the observa- 
tions may correspond nearly to the times of greatest and least inclina- 
tion. The poles of the needle are directed to be reversed only after the 
termination of the observations of each day^ (so that each observation 
consists of but half the usual number of readings,) and the needle is 
not to be removed between the two observations. Tuesdays and Fridays 
are the appointed days of observation ; if Mondays and Thursdays, or 
Wednesdays and Saturdays are found more convenient, they may be 
substituted, but the days and hours once fixed, ought not to be subse- 
quently changed. These observations should be made in addition to the 
observations of the Induction Inclinometer, until the soft-iron cylinders 
are found to have attained a permanent magnetic condition, and the 
connexion of the readings can be relied on. 

Magnbtical Surveys. 
The determination of the absolute values of the three elements of 
Declination, Inclination, and Horizontal Intensity, at different stations, 
forms the primary object of a magnetical survey. The observations re- 
quired may be made in the open air and completed, in clear and favour- 
able weather, in about three or four hours,* estimating the time required 
for the observations of absolute declination at from one to two hours ; 
for the observations of deflection at each distance, if made with the 
Portable Declinometer, fifteen or twenty minutes ; if made according to 
M. Lamont*s method, with a Theodolite or Portable Unifilar Magneto- 
meter, fifty or sixty minutes ; for the observations of vibration, an 

* The zeros of the scales on the collimator magnet and brass cylinder, and the 
moment of inertia of the deflecting magnet and stirrup, are supposed to be known 
quantities, determined before the commencement of the survey. The time re- 
quired for the observations of absolute declination may be diminished by about fifteen 
or twenty minutes, by packing and unpacking the instrument without twisting the 
suspension thread. 
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average of thirty or forty minutes ; and for the obBervations of incHna-* 
tion or dip, one and a half or two hours. 

The ohservations of dip and (if the observer is provided with separate 
instruments) the observations of deflection and vibration may be carried 
on during the continuance of the observations of absolute declination ; 
if the weather is cloudy, and the Portable Declinometer is being em- 
ployed alone, the observations of deflection or vibration should be com- 
menced immediately after the adjustment of the Theodolite Telescope 
to the magnetic meridian, without waiting for the determination of its 
true azimuth, using the necessary precautions to avoid altering the posi- 
tion of the telescope. 

In case of necessity, either the experiments of deflection or the experi. 
ments of vibration may be omitted,, and the results reduced afterwards 
to absolute value ;* it is desirable, however, to complete the absolute 
determinations as often as possible, in order to obtain independent results. 

The instruments requiredt for these absolute determinations, and for 
the ordinary observations of a magnetical survey, are — 

1. Nine and a half or six inch Dip Circle | and stand. 

2. Theodolite Magnetometer ; or. Portable Unifilar Magnetometer, 

and Portable Declinometer, with a Theodolite or Azimuthal 
Transit; § or, Portable Declinometer and Theodolite alone. 

3. Azimuth Compass and light stand. 

4. Sextant and artificial horizon. 

* The corresponding value of the magnetic moment of the deflecting or vibrating 
magnet, must be obtained in these cases by a comparison of both the preceding 
and subsequent observations. 

t The instnunents required for magnetical observations at sea are, an Azimuth 
Compass for determining the absolute declination, and a Fox*s Dip Circle for deter- 
mining the absolute inclination or dip, and the relative total intensity. The obser- 
vations of deflection with the Portable Unifilar or the Theodolite Magnetometer, 
may be made occasionally during favourable weather, and will furnish a useful 
check on the observations of Fox's Dip Gircle> or enable the relative total intensities 
to be reduced into absolute measure. The same gymbal stand should be used 
for both instruments, and the observations of one should be made both immediately 
before, and immediately after, the observations of the other, so as to obtain strictly 
comparable results. The magnetic moment of the deflecting magnet should be 
determined whenever the magnetometer can be landed. Instructions for the use 
of Fox's Dip Circle have been drawn up by Lieutenant-Colonel Sabine, and pub- 
lished by order of the Admiralty. 

I If the survey is to be carried on in high magnetic latitudes^ the Dip Circle 
should be furnished with an additional pair of needles, to be employed in deter- 
mining the relative total intensity according to the statical method devised by 
Dr. Lloyd. 

( For distant or colonial surveys it will be preferable in general to employ a small 
altitude and azimuth instrument, with a telescope of sufficient power for observa- 
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5. Pocket Chronometer. 

6. Portable Barometers and Thermometers. 

If the observer is already provided with a Theodolite or Azimuthal 
Transit, and the question of portability is not of essential consequence, 
it will be convenient in general to employ the separate instruments (the 
Portable Unifilar Magnetometer and Portable Declinometer) rather than 
the Theodolite Magnetometer alone ; on the other hand, if an extreme 
degree of portability is required, the determination of the absolute value 
of the horizontal intensity (as well as the exact determination of the 
absolute declination) must be dispensed with, relative values of the 
horizontal intensity being obtained by observations of vibration, and 
reduced into absolute measure by determining the magnetic moment of 
the vibrating magnet at the commencement and at the close of the survey. 
The magnetical instruments to be employed in such cases are — 

1 . Six-inch or smaller Dip Circle and stand. 

2. Five-inch or larger Azimuth Compass and stand. 

3. Hansteen's vibration apparatus, or the vibration apparatus 

belonging to the Theodolite or Unifilar Magnetometer. 

Differential observations should be made during a magnetic survey 
on term days, or any other occasions on which the instrument or in- 
struments with which the observer is provided, can be left conveniently 
in adjustment. The times of observation already specified (more espe- 
cially those of the observations on term days) should be adhered to as 
strictly as possible, the observations of each element being made at its 
appointed times, without reference to the number of instruments em- 
ployed. 

tions of moon culminating stars, rather than a common Theodolite ; the repeating 
motion of the horizontal circle may be sacrificed for the sake of additional stability, 
and a second clamp applied, the observer being very caref\jl not to strain the instru- 
ment by moving the tangent screw while the second clamp is locked. 
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PORTABLE INSTRUMENTS. 

The portable instruments* may be dirided into two classes, differ- 
ential instruments and instruments for absolute determinations. The 
differential instrumentsf are — 

1. Portable Declination Magnetometer^t for observing the varia- 

tions of declination. 

2. Portable Bifilar Magnetometer, for observing the variations of 

the horizontal intensity. ' 

3. Induction Inclinometer, for observing the variations of in- 

clination. 
The instruments of the second class, constructed especially for abso- 
lute determinations, are — 

The Dip Circle, for determining the absolute inclination or dip. 

The Theodolite Magnetometer,§ for determining the absolute de- 
clination, the absolute horizontal intensity, and (if so re- 
quired) the variations of declination. 

The Portable Unifilar Magnetometer, for determining the abso- 
lute horizontal intensity, and (if so required) the variations 
of declination. 

The Portable Declinometer, to be used with a Theodolite, or 
Altitude and Azimuth instrument, for determining the abso- 
lute declination ; or, (if employed as a single instrument) 
for determining the absolute declination, the absolute hori- 
zontal intensity, and the variations of declination. 

* The prices of these instruments, and of the small instruments for a fixed ob- 
servatory, are inserted at the close of the instructions. 

f The differential instruments for a fixed observatory are to be preferred to |the 
portable differential instruments, if Hkely to be left some months in adjustment; or 
the portable instruments should be provided with additional detached telescopes and 
scales. 

X The Portable Declination Magnetometer may be dispensed with by employing 
the Theodolite or Unifilar Magnetometer for the same observations; but it is 
desirable to employ separate instruments of each class, in order that the absolute 
determinations may be made at any convenient times during the continuance of the 
differential observations, without risk of interrupting their conaexion, and the size 
of the observatory diminished. 

§ The Theodolite Magnetometer is a new instrument lately devised by Dr. Lloyd : 
it fulfils all the ordinary purposes of a Theodolite, and may be made available (as 
may also the Portable Unifilar Magnetometer) for observing the variations of in- 
clination, or the variations of horizontal force. 
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DIFFERENTIAL INSTRUMENTS. 

I.— PORTABLE DECLINATION MAGNETOMETER. 

1. Tripod baae, carrying an upper revolving plate, with two projecting 
arms, one supporting the reading telescope and scale, the other a 
counterpoise weight. 

2. Rectangular copper box, 3^ inches in length, 2 deep« and H 
broad, fixed to the revolving plate ; the sid^ made of wood and attached 
with screws ; one end (or one side) provided with a rectangular aperture, 
about 1 inch in breadth and half an inch deep, filled with parallel glass. 

3. Glass tube, 8 inches in length and -A^ths outside diameter, screwed 
to the top of the box, and carrying a torsion circle, divided to 4*", and 
read off by a vernier to 1°. 

4. Upper suspension pin^ a brass cylinder 3 inches in length and 
about ^ths in diameter, fitting within the socket of the torsion circle, 
tapered short at the lower end, and having a hole cut in the form of 
an inverted Y to receive the suspension thread ; the pin is prevented from 
turning within the socket by a projecting screw-head fitting into a groove 
cut down its length. 

5. Lower suspension pin^ about f ths of an inch in length, with a 
similar Y aperture, a light cross bar to serve as a guide in adjusting the 
line of detorsion of the suspension thread to the meridian, and a circular 
clamp. 

6. Stirrup and mirror. The stirrup consists of a light gun metal 
tube, about i^tr^hs of an inch in length, with an upright socket to receive 
the lower suspension pin, and a rectangular mirror -/^ths of an inch in 
breadth and iV^hs deep, fixed above or below the centre. 

7. Cylindrical magnet bar, 3 inches in length and -^ths in diameter. 

8. Brass plummet, with a socket to receive the suspension pin. 

9. Reading telescope, to be attached to the end of the tripod arm. 

10. Scale, 4 inches in length, divided to lOOths of an inch, fixed 
over the eye end of the telescope, at a distance from the face of the sus- 
pended mirror equal to 17* 19 inches diminished by |rds its thickness, 
so that the angular value of one division may be 1''000. 

11. Counterpoise weight, to be attached to the shortest of the tripod 
arms. 

12. Wooden block of this form 11 to be placed within the 
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copper box underneath the magnet and mirror ; reel of prepared silk 
fibre ; portable stand ; and lamp. 

13. Spare [magnet, spare glass tube with cement, and spare lower 
suspension pin. 

II^POSTABLE BtFILAR MAONETOMETBR. 

1. Tripod base, with a fixed circular plate 5 inches in diameter, gra- 
duated so as to be read off by verniers to single minutes, carrying an 
upper revolving plate with four projecting arms ; two for supporting the 
reading telescope and counterpoise weight, and two at right angles to 
these, carrying each an upri^fht socket, for the purpose of supporting a 
soft iron cylinder, and enabling the instrument to be used as an Induc- 
tion Inclinometer if so required. 

2. Rectangular box, brass plummet, counterpoise weight, and reading 
telescope, of the same dimensions and construction as those of the decli- 
nation magnetometer. 

3. .Suspension tube, 10 inches in length and about -fjfths in diameter, 
carrying a light circular plate and torsion circle at its upper extremity, 
the circle divided so as to be read off by verniers to 5'. 

4. Single suspension apparatus, of nearly similar construction to the 
suspension apparatus of the declination magnetometer. 

5. Bifilar suspension apparatus, consisting of two cylinders fixed one 
above the other within a metal tube carrying the verniers of the torsion 
circle. The upper cylinder is pierced with holes at intervals of -^th of an 
inch and upwards, for attaching the ends of the suspension thread. The 
lower is grooved, so as to form a right and left handed screw, the threads 
meeting in the centre ; the relative position of the cylinders is adjusted 
by the maker, so that the suspension threads may be made to bear 
always against the grooves, and the magnet hang truly central. The 
interval of the threads can be altered by turning the head of the lower 
cylinder ; a glass top is to be screwed down over the cylinders after the 
threads are attached. 

6. Bifilar suspension pins, containing each a grooved wheel, one about 
T^^ths, the other TV^hsof an inch outside diameter, with the grooves Virth 
of an inch in depth. 

7. Hollow cylindrical magnet, of the same outer dimensions as that 
of the declination magnetometer. 

8. Scale, 4 inches in length, divided to 70ths of an inch, fixed at a 
radius of 17 • 19 inches. 

9. Thermometer, with its scale inclosed in a glass case, to be screwed 
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to the top of the copper box, the bulb partially exposed within, and pro^ 
tected from radiation without. 

10. Wooden block, reel of silk, portable stand, and lamp. 

11. Spare magnet, glass tube with cement, and bifilar suspension pin. 

12. Soft iron cylinders, and a spare scale divided to lOOths of an 
inch, to be used if the instrument is required as an Induction Inclino- 
meter. 

III.— INDUCTION INCLINOMETER. 

1. Tripod base, with circular plates, and four projecting arms of 
similar construction to those of the Portable Bifilar Magnetometer, and 
a similarly divided circle. 

2. Rectangular box, glass tube, suspension apparatus, torsion circle, 
magnet, stirrup with mirror, brass plummet, reading telescope, and 
scale, of the same dimensions and construction as those of the Portable 
Declination Magnetometer. 

3. Soft iron cylinders,* about nine inches in length and iVths of an 
inch exterior diameter, fitted with collets which can be clamped at any 
distances from the ends. When the instrument is to be adjusted, the 
cylinders are placed at the ends of the two arms, and raised or lowered 
within the collets (the latter resting on the upper rims of the arms, 
or of their upright tubes), until found to be at their required heights, i. e., 
the heights at which they will produce the greatest deflection; the 
collets are then tightened, so that the bars may be inverted without 
altering their distances from the ends. The arms are fixed so that the 
centres of the collets shall be in the same horizontal plane with the 
centre of the magnet, and in the vertical plane passing through the 
centre of the magnet at right angles to the line of collimation of the 
telescope. 

4. Thermometer for registering the temperature of the soft iron 
cylinders. 

5. Wooden block, reel of silk, portable stand, lamp, lever-pin, and 
screw-driver. 

6. Spare magnet, spare stirrup, spare glass tube with cement,f and 
spare suspension pin. 

* Instead of iron cylinders, M. Lamont employs two iron bars, 8 inches long, 
6 * 4 lines broad, and 1 • 7 thick. 

t Directions for cementing the metal fittings to the ends of the spare glass 
tubes : — Warm the metal ring) rub the cement round it until it is lined or coated 
sufficiently ; place the end of the glass tube within it, and work it continually 
round until the cement is set. 
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INSTRUMENTS FOR ABSOLUTE DETERMINATIONS. 



PORTABLE UNIFILAR MAONSTOMETER. 

1. Tripod base, with two circular plates and projecting arms of similar 
construction to those of the Portable Bifilar Magnetometer or Induction 
Inclinometer; the circle, six inches in diameter, divided on silver to 
20", and provided with a tangent screw and clamp. 

2. Rectangular copper box, stirrup with mirror, suspension appa* 
ratus, torsion circle, brass plummet, and reading telescope : of the same 
dimensions as those of the Portable Declination Magnetometer or In- 
duction Inclinometer ; the copper box capable of being detached from 
the base of the instrument 

3. Rectangular wooden box, fitted to the base of the instrument and to 
the suspension tube. 

4. Solid magnets, 2*45 and 3*00 inches in length, and -^ths in 
diameter. 

5. Scale, four inches in length, divided to 70ths of an inch, num- 
bered as if divided to 140th8, and fixed at a radius of 12*28 inches. 

. 6. Glass suspension tube, 6 inches in length, and VV^b ^^ diameter. 

7. Deflecting bar supports, on which to place the magnet in experi- 
ments of deflection, graduated to feet and decimals of a foot, and fixed so 
that the axis of the deflecting bar shall be in the same vertical plane 
with the line of coUimation of the telescope, and in the horizontal plane 
passing through the centre of the suspended magnet. 

8. Cylindrical weights, for determining the moment of inertia of the 
deflecting bar and stirrup, about Ij inches in length and iVths in 
diameter.* 

9. Stirrup with azimuthal motion, to be used in suspending the de- 
flecting magnet during experiments of vibration ; carrying two small 
hooks, to which to attach the cylindrical weights. 

10. Thermometer, for registering the temperature of the deflecting 
magnet. 

11. Wooden or copper block,t reel of silk, portable stand, lamp, lever- 
pin, and screw-driver. 

* The diameters and weights of these cylinders, and of those for the Portable 
Declinometers, must be determined very accurately by the maker, and given with 
the instruments. 

t The copper block should be used during experiments of deflection, in con- 
sequence of its gpreater power as a damper in bringing the magnet to rest 
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12. Spare magnets, spare suspension tube with torsion circle, spare 
stirrups (one capable of inversal), spare glass tube or tubes, cement, and 
spare suspension pin. * 



THEODOLITE MAONETOMETER-f 

' 1. Circle, 6 inches in diameter, divided on silver, and read by two 
verniers to 20" ; supported on a tripod base, with levelling screws, and 
having a tangent screw and clamp. The upper plate of the circle has a 
projecting arm, carrying a pair of Y supports for the reading telescope, 
at a distance of 6 inches from the centre of the circle. A fixed level 
is attached to the plate. 

2. Rectangular copper box, placed on the centre of the upper plate, 
and capable of removal. Interior dimensions, — ^length, 3^ inches ; 
width, 1^ inch ; depth, 1 inch. A circular aperture at each end closed 
with parallel glass. 

3. Wooden box, the interior dimensions of which are such as just to 
contain the metal box ; to be placed on the same stand with the instru- 
ment, and used in observations of absolute declination and vibration ; 
a circular aperture at each end, closed with parallel glass. 

4. Glass suspension tube, 9 inches long, with suspension pin and 
torsion circle, to be adapted to either box indifferently. The torsion 
circle divided to 4 degrees, and subdivided by a vernier to one degree. 

5. Reading telescope, with a transit axis to fit in the Y supports ; the 
aperture of the object glass i^ths of an inch ; the focal length 7 J inches. 
Glass scale divided to -rhr^hs of an inch fixed in the focus, and the 
eye^tube made to move across it in dovetails. Sun glass. 

6. Riding level, to level the axis of the telescope. 

7. Four hollow cylindrical magnets, each furnished as a collimator 
with an achromatic lens and piece of plane glass with line ; two of them 
being 3i inches in length and ^ inch exterior diameter, and two 3 inches 
in length and {-ths exterior diameter. 

8. Inverting stirrup for the larger cylinders, with closed Y's. The 

* If the Portable Unifilar or the Theodolite Magnetometer is to be employed 
without other differential instruments, it will be convenient to add the Bifilar 
torsion circle and suspension apparatus, so as to employ the instrument on term 
days and other occasions as a Bifilar Magnetometer ; the changes of declination 
may be observed by means of the Portable Declinometer, or, if provided with a spare 
telescope, the vibration apparatus. 

^The description of the Theodolite Magnetometer is taken from a description of 
the instrument written by Dr. Lloyd. 
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smaller cylinders to be furnished with the ordinary tubular sdrrup, with 
suspension pin and screw socket. 

9. Brass detorsion cylinder, of the same exterior •dimensions as the 
larger magnets, furnished as a collimator with a single lens and line. 
Hollow cylindrical magnet to fit within it, half its length. 

10. Two measuring rods to be attached to tl\p upper plate of the in- 
strument. These rods are gun-metal bars, placed edgewise, each 16 
inches in length, and divided to hundredths of a foot. The support of 
the deflecting bar slides upon these rods, and serves to determine its 
distance with accuracy. 

11. Thermometer; brass plummet; and a small square wooden piece, 
with mirror. 

12. Portable stand, with a table top 20 by 10 inches, adjustable in 
azimuth. A wooden piece, for the support of the wooden box, slides in 
dove-tails near the end of the table, for the adjustment of the line of 
collimation of the magnet. 

13. Packing case. 

PORTABLE DECLINOMETER. 

1. Oak box,, with a glass top, 4^ inches in length, 2 broad and 2 
deep, with a heavy base resting on three levelling screws ; the sides 
removable, the ends fitted with glazed apertures, 1^ and i^ths of an 
inch in diameter, the front aperture filled with parallel glass and attached 
to a slider, so as to be capable of inversal. 

2. Glass tube, torsion circle, and suspension apparatus, of the same 
construction and dimensions a3 those of the declination magnetometer. 

3. Collimator magnets, hollow cylinders 3*15 and 3*85 inches in 
length, -/tr^s outside and ii^ths inside ditimeter, with achromatic lenses 
at one end, and glass scales divided to 400ths of an inch at the other. 

4. Hollow brass cylinder with a similar lens and scale, and a weak 
magnet fixed firmly with its axis parallel to the axis of the cylinder. 
The lens not achromatic. 

5. Stirrup, consisting of a light brass bar If inches in length, carry- 
ing a pair of Y supports, in which to suspend the collimator magnet or 
brass cylinder, with an upright socket in the centre to receive the 
suspension pin, small hooks at the ends for attaching the cylinder 
weights, and a pin underneath the centre to fit within the socket of the 
brass plummet. 

6. Copper damper, to' be placed within the wooden box, in order to 
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check the yibrations of the magnet; and having an aperture at each end 
about l\ inches in diameter. 

7. Brass plummet. 

8. Portable stand, having a table top about 9 inches square, capable 
of being moved in azimuth, or clamped very firmly by a capstan headed 
screw underneath the centre ; and (if specially ordered) a second top 
from 20 to 24 inches in length, fitted with two sets of grooves, or (if the 
Theodolite is of the ordinary construction) a set of grooves at one end, 
and a screw to fit the base of the Theodolite at the other : the relative 
heights and positions of the two sets of grooves, or of the grooves and 
pivot, must be adjusted so that the centre of the axis of the Theodolite 
may be in the prolongation of the line passing through the centres of 
the glazed apertures. 

9. Theodolite, or small altitude and azimuth instrument, with one or 
more additional lenses to reduce the focal length of the telescope, and a 
scale six inches in length, divided to 25ths of an inch, fixed near the 
object end.* 

10. Portable lamp, with a wooden bracket to be attached to the centre 
of the stand; large and small levers for turning the capstan headed 
screws ; reel of prepared sQk fibre. 

11. Circular mirror, to be attached to the back of the wooden box. 

12. Spare glass tube with cement, spare stirrup, and spare suspen 
sion pin. 

Additional Apparatus for Eocperiments of Deflection. 

13. Wooden bar, 3 feet in length, graduated to inches, fixed by a 
capstan head screw underneath the centre of the wooden box, and 
carrying a pair of deflecting bar supports graduated in decimals of a 
foot from 1 '5 to 2* 5 feet. 

14. Cylindrical weights 1^ inches in length and iVths in diameter, to 
be suspended across the ends of the collimator magnets, over the centres 
of the lens and scale. 

15. Thermometer, for registering the temperature of the deflecting or 
vibrating magnet during observations of absolute intensity. 

* The additional lens and scale aie not required if the Declinometer is to be 
used only with Collimator Magnets. 
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POSITION OP INSTRUMENTS. 

The absolute determinations of the declination, the inclination, and 
the horizontal intensity must be made in the open air or in a tent free 
from iron, at a sufficient distance from other magnets or masses of iron 
to render their effects inappreciable. 

The three differential instruments, the Declination and fiifilar Mag- 
netometers and the Induction Inclinometer, should be placed in the 
same room or tent* as far from iron fixtures as possible, and at suffi- 
cient distances apart to render the differences between the true and 
observed changes inappreciable in whatever relative positions the instru- 
ments may be placed. The distances required will depend upon the 
ratios of the magnetic moments of the suspended magnets to tlie earth's 
horizontal in tensity .f 

The observed changes may be corrected if necessary fur the effect of 
iron fixtures or neighbouring' magnets, by multiplying the constant 

/' A Y \ 

coefficients of the different instruments by the quantity ( H — ==r- ), 

AX ^ . ^ 

where -=- is the ratio of the disturbing force to the true horizontal 

intensity ; the values of f 1 -| — :rz— j may be determined by observing 

the angles of deflection ]: produced by a deflecting magnet with the instni- 
ment placed successively on each of the three stands within the room, 
and comparing them with the angle of deflection produced by the same 
bar, deflecting at the same distance, in a spot free from disturbing 
influences; or by observing the times of 50 or 100 vibrations of a 
magnet suspended over each stand in succession. 

If u' and u = the angles of deflection, 

or f and i = the times of vibration, 

* The differential instraments must be guarded as carefully as possible against 
currents of air or sudden changes of temperature, and should be placed in an empty 
cellar or room with a steady floor ratlier than in a tent; or if this accommodation is 
not to be procured, the tent should be pitched in the most shady and sheltered 
spot that can be found. Double tents (the outer one of sufficient sise to leave a 
space between the two walls) should be used rather than single ones. 

f A distance of five or six feet will generally be sufficient with three-inch mag- 
nets, where the absolute value of the horisontal intensity in English units is not 
less than 3*00. 

X The angles of deflection may be deduced with sufficient accuracy from a single 
]iair of readings, taken with the deflecting magnet on only one side of the instru- 
ment, the side chosen being the same at each observation. 

B 



/ 
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X sin u 

or =^,. 

The corrections will generally be inappreciable except for very large 
changes. 

As the effects of iron rails or large masses of iron, such as guns, &c., 
likely to acquire a considerable portion of induced magnetism, may vary 
to a certain extent with the changes of the earth's magnetism, the 
diff'erential instruments must be placed at a sufficient distance from 
them to render the changes in the direction of the magnets due to such 
variations altogether inappreciable. 

If the observer is unprovided with a separate Unifilar or Theodolite 
Magnetometer, and the room or tent in which the differential observa- 
tions are to be made is free from iron, the Bifilar Magnetometer and 
the instrument to be employed in experiments of deflection should be 
placed so that the line joining their centres may either coincide with, 
or be perpendicular to, the magnetic meridian ; in either of these cases 
the change in the directive force of the magnet suspended in the latter 
instrument, caused by the action of the Bifilar magnet, will be inap- 
preciable with the instruments at a distance of a few feet apart, and 
the observations of deflection and vibration may be made within the 
tent without requiring its removal ;* the third instrument should be 
placed at a sufficient distance to render the influence of its magnet also ' 
inappreciable, or the magnet may be fixed temporarily in a vertical 
position during the continuance of the experiments. 

'*' The directive force acting on the suspended magnet is the resultant of the, hori- 
zontal intensity, and of the deflecting force exerted by the bifilar magnet, equal 
(with the instruments in the above relative position) to X sec \ in which ^ is the angle 
through which the suspended magnet is deflected by the action of the bifilar magnet. 
The difference of the values of X and X sec ^ will generally be inappreciable when 
the amount of the angle ^ does not exceed half a degree. 
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ADJUSTMENTS OF THE DIFFERENTIAL INSTRUMENTS. 

The differential instruments are to be employed on term -days, and 
at any other occasions on which a lengthened and continuous series of 
observations can be conveniently procured ; the connexion of the obser- 
vations of each series should be proved, if practicable, by determining 
the absolute values of the several elements at its commencement and 
close ; and in the case of the inclination and horizontal intensity, once or 
oftener during its continuance,* as the connexion of the earlier observa- 
tions of these two elements is liable to be affected by a gradual stretching 
of the suspension thread, or by an increase of the permanent magnetism 
of the soft iron cylinders, continuing for some time after the completion of 
the adjustment. The adjustments of the differential instruments should 
be commenced on this account with as little delay as possible, more 
especially before the periods of term-observations. Care must be taken 
to avoid touching the stands, or altering the positions of the reading 
telescopes in any, even the slightest, degree, after the observations are 
commenced. 



PORTABLE DECLINATION MAGNETOMETER. 

The adjustments of this instrument consist in taking out the torsion 
of the suspension thread, so that the line of detorsion or direction in 
which the force acts shall be nearly in the magnetic meridian; and 
in determining the ratio of this force to the magnetic directive force. 

Adjustment. 

1. Place the tripod base upon its stand, level roughly, attach the 
telescope and counterpoise weight, and screw down the suspension tube, 
clamp the upper plate with the telescope by estimation parallel or per- 
pendicular to the magnetic meridian. 

* If the Portable Unifilar or Theodolite Magnetometer is employed as an Induc- 
tion Inclinometer^ the connexion of the Bifilar series of observations should be ascer- 
tabed by observing the time of vibration of the Deflecting Magnet once or oftener 
during its continuance; the absolute intensity and the magnetic moment of the 
magnet being determined at the commencement and close. 

B 2 
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2. Form the suspension thread of three or four single fibres,* care- 
Uy separated so as to have no intertwist. 

3. Suspend the plummet, level the base so that the point of the plum- 
met hangs exactly over the centre, and allow it to swing freely. 

4. When at rest remove the plummet, and suspend the magnet, keep- 
ing the cross bar of the suspension pin as nearly in the same direction 
as possible. The line of detorsion will then be nearly in the magnetic 
meridian. 

5. Close the sides of the box and raise the magnet to the required 
height Turn the telescope in azimuth until the centre of the scale is 
reflected into the field of view, and clamp it firmly.t The magneto- 
meter is then in adjustment. 

This instrument is to be used for observing the variations of de- 
clination ; the observation consists in noting the division of the scale 
coinciding with the vertical wire of the telescope at stated intervals, or 
at such times as may be required. 

IT 

If a denote the angular value of one division of the scale, and r= 

the ratio of the torsion and magnetic forces, the true declination changes 
are deduced from the observed readings, by multiplying their dif- 
ferences by the constant coeflBcient a x f 1 + ^r )• 
The value of a is found by the formula 

where / denotes the length of one division of the scale, and r its radius ; 
the radius is equal to the distance from the face of the scale to the face 
of the mirror added to |rds of the thickness of the mirror. 

The value of =^ may be experimentally determined by turning the torsion 

circle through two or more large angles (for example 90°), and observing 
the corresponding angles through which the magnet is deflected. 
If u equals the mean of the latter angles, and w that of the former, 
H_ u 
F ti? — m' 
With a fine thread the correction will be inappreciable for all but 
large differences. 

* Two or even one fibre will generally be sufficient to support the weight of the 
magnet and stirrup. 

f If the telescope has been turned through an angle exceeding the probable 
error in the position of the line of detorsion^ turn the torsion circle through the 
same angle in an opposite direction. 
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Example. 



Woolimch^ June 10, 1843. 



ADJUSTMENT OF PORTABLE DECLINATION MAGNETOMETER. 

No. 4. 

1. Plummet suspended by a thread of four fibres, and the level 
adjusted, so that the point hung over the centre of the base, with the 
sides of the box parallel in succession to each pair of levelling screws ; 
telescope brought by estimation into the line perpendicular to the 
magnetic meridian, and clamped. 

2. Plummet at rest ; magnet A. 26 suspended, leaving the cross-bar 
nearly in the same position relative to the magnetic meridian. 

3. Inclination of the mirror altered slightly by means of its adjust- 
ing screws, so as to reflect the divisions of the scale into the middle of 
the field of the telescope ; telescope moved in azimuth, until one of the 
central divisions was on the vertical wire, and the clamp secured. 

4. Observations to determine the value of the coefficient of torsion. 



TOBSION ClBGU. 




Headings. 


Diffs. 


Readings. 


Diib. 


9° 

279 

99 

9 


90° 

180 

90 


154-0 
145-0 
161*6 
153-0 


9*0 

16*6 

8-6 


4)360 


4)34-2 



90<> 
60 



10=5400' 
8'6 



8-55 

a«.r-ooi 

855 
85500 



w-u»5391-4 



u=8 • 55855 log.»0 • 93629 
5391-41og.=3-73170 

^«-l-«0 -00160 log. 7-20459 

1-00000 



H 



1 -00160 log.«0. 00069 

a^L 3437^.75==,^^ x3437'.75- r-00111og.=0-00047 
2r 34-34 ■ 

a,(l4.5^=r-0031og.« 0-00116 

Increasing numbers denote an easterly movement of the north end 
of the magnet. 
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PORTABLE BIFILAR MAGNETOMETER. 

The magnet of this instrument is suspended by a double thread. The 
adjustmen,ts consist, in the first instance, in bringing the line of detorsion 
of the threads to coincide with the magnetic meridian, and (in order that 
the force of torsion may exceed by a required proportion the directive 
force of the suspended magnet) moving it through some given angle, 
and, by altering the interval of the threads, bringing the suspended 
magnet into a position at right angles to the magnetic meridian; 
secondly, in bringing the line of detorsion again into the magnetic me- 
ridian, and adjusting it to such a position as will retain the magnet 
at right angles to the magnetic meridian. 

The two last steps of the adjustment must be carefully recorded, in 
order to calculate the coeflScient for reducing the differences of ob- 
served readings to changes of force. 

Adjustment. 

1. Fix the stand, the top levelled roughly, place the tripod base upon 
it, and attach the telescope, counterpoise weight, suspension tube, and 
single suspension cap. 

2. Suspend the brass plummet by a single thread, and level the base 
so that the point of the plummet shall hang exactly over its centre, 
with the sides of the box parallel in succession to each pair of levelling 
screws. 

3. When at rest, remove the plummet and suspend the magnet. 

4. Turn the telescope in azimuth until the centre division of the scale 
is on the vertical wire, and clamp it firmly. 

5. Disengage the stirrup, attach the bifilar suspension apparatus, and 
suspend the magnet by a fine thread * passed round the roller of the 
lower suspension pin, taking care not to touch the adjusting screws of 
the mirror, or in any way to alter its inclination relative to the axis of 
the magnet. 

6. Raise the magnet to the required height, and turn the lower screw 
cylinder, so as to separate the threads to what may be supposed their 
proper interval, the grooves in which they rest being equidistant from 
the centre. 

7. Turn the vernier of the torsion circle until the centre division is 
again on the vertical wire of the telescope ; the direction of the magnet 
is then the same (provided the azimuth of the mirror and telescope have 

* A thread formed of three or four fine fibres will usually be of sufficient strength ; 
if carefully separated so as to have no intertwist^ the fibres may be waxed 
together. 
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Dot been altered) as when suspended with a single thread, i, e, the line of 
detorsiou is in the magnetic meridian. 

8. Turn the telescope 90° in azimuth, and turn the vernier of the 
torsion circle in the same direction through an angle equal to the 
required amount of the angle v, (as explained in the following page), 
or if this has not been determined, through an angle of about 60**. 
Turn the head of the screw cylinder, increasing or diminishing the interval 
of the threads, until the centre division of the scale is brought on the 
vertical wire. 

9. Turn back the telescope 90° in azimuth, and move the torsion 
circle in the same direction until the centre division of the scale is 
again on the vertical wire ; if the adjustment has been made correctly, 
the line of detorsion is again in the magnetic meridian. 

The accuracy of the adjustment should be tested by turning the 
telescope 180° in azimuth, so as to reverse the direction of the magnet, or 
bring its north end to the south; the retaining force is then the 
difference instead of the sum of the torsion and magnetic forces, and the 
difference of scale readings or deviation of the magnet corresponding to 
any given error in the position of the line of detorsion will be much 
greater than with the magnet in the direct position. If the scale readings 
with the magnet direct and reversed are found to differ considerably, the 
verniers of the two circles must be moved through a succession of small 
angles, and observations taken with the magnet alternately in the two 
positions, until the scale readings agree sufficiently near to prove that the 
error in the position of the line of detorsion cannot exceed 10'. The 
adjustment may be made in this manner by trials only, without the use 
of the single suspension, the level of the horizontal circle being adjusted 
by a spirit level. 

10. Turn the telescope 90° in azimuth, in the direction required to 
make a movement of the north end of the magnet towards the north 
produce an increase of reading,* and clamp it firmly, so that there may 
be no' risk of its being again moved ; the line of detorsion is then per- 
pendicular to the magnetic meridian. Note the readings of the azimuth 
and torsion circles. 

11. Turn the vernier of the torsion circle until the division last read 
off (with the magnet direct) is again on the vertical wire, and note the 
reading of the torsion circle ; the magnet is then perpendicular to the 
magnetic meridian, and the instrument is in adjustment. 

* The direction required should be considered while fixing the positions of the 
stands, and, if it sends the telescope to the least convenient side of the instrument, 
the magnet should be taken out of the stirrup, and reversed before the commence- 
ment of the adjustment. 
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The variations of the horizontal intensity are obtained by multiplying 
the differences of scale readings, or of their mean values (corrected for 
changes of temperature) by a constant coefficient, 

k =. a cotan v 
where a equals the arc value of one division of the scale in terms of 
radius, or its angular value multiplied by the number 0*0002909, 
and V the difference of readings of the torsion circle, with the line of 
detorsion and magnet respectively perpendicular to the magnetic meridian. 

The scale readings, or mean values, are corrected for temperature 
according to the formula,* 

where f andfi=^ observed and corrected readings, 

i' and t = observed and standard temperature, 

q = change of magnetic moment of the bar for 1** of Fahr. 
k :=: a cotan v 

The value of the coefficient q varies with different magnets, and 
must be determined by experiment ; when once ascertained, the interval 
of the threads should be regulated so that the variations of the intensity 
may be deduced with (if possible) the same accuracy as the changes of the 
magnetic moment of the bar ; for example, if the tenths of a degree can 
be estimated with the same accuracy as the tenths of a scale division, 
the coefficients q and k should be equal to one another, or if the 
temperature can be registered with only half that accuracy, or to two 
tenths of a degree, the value of k should be twice that of q. If the pro- 
portion is reversed and the readings of the scale are less accurate than 
those of the thermometer, the value of ^ may be made less than q^ but 
not otherwise, as the increased sensibility of the instrument might occa- 
sion inconvenience, and would add little to the accuracy of the results. 

The application of the temperature corrections will be simplified by 
the adoption of this plan, making the value of k either equal to, or 
a convenient multiple of, the' coefficient q ; the value of the angle r, 
corresponding to the particular coefficient required, is given by the 
formula, 

Cotan u= -. 
a 

The values of the coefficients q and k should be entered on the 

abstract of every series of observations, with a statement of whether 

" increasing numbers denote increasing or decreasing force." 

* If increasing numbers denote decreasing force^ 

/=/-((' -1)1 
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Example, Woolwich^ May 8, 1843. 

ADJUSTMKNT OF PORTABLB BIFILAR MAGNETOMETER. No. 5. 

1. Plummet suspended and inBtrument correctly levelled. 

2. Magnet H. 7 suspended by a single thread of two fibres, inclina- 
tion of the mirror adjusted, and telescope moved in azimuth until the 
centre division of the scale 150.0 was reflected on the vertical wire. 
Upper plate clamped. 

3. Magnet detached,* and suspended again by a double thread,t the 
ends fastened to the bifilar suspension cylinder. Torsion circle turned 
until the division 150.0 was again on the vertical wire, north end of 
the magnet to the north. 

4. Telescope turned 90° in azimuth, and the torsion circle turned 
through an angle of 49° 19^, the value of the angle v corresponding to 
the required value of the coefficient ^, previously calculated as below. 

Required value of the coefficient k = 0.00025; log = 6*39794 
0-01x3437.75 



2x17-19 



X 0.0002909 = 0.0002909; log = 6-46373 



Log cot t; = 9*93421 
.-. t;=r49** 19'. 



5. Interval of the threads increased by turning the head of the screw 
cylinder, until the division 150.0 was brought on to the vertical wire. 

6. Telescope turned 90° in azimuth, and torsion circle turned back 
until the magnet was again in the magnetic meridian. Reading of scale 
150.0, azimuth circle 204° itf, torsion circle 26° 00'. 

7. Telescope turned 180° in azimuth, bringing the magnet into the 
reverse position, north end to south. Scale reading 125.0. The dif- 
ference of scale readings, (150.0 and 125.0) shewing that the line of 
detorsion of the threads was not truly in the magnetic meridian, the 
telescope and torsion circles were moved (as below) until the readings 
agreed nearly with the magnet in the direct and reversed positions. 







Hor. Circle. 


Torsion Circle. 


Scale. 


gnc 


jt reversed 


204° lO' 


26° 00° 


125-0 


n 


ditto 


— 


26 05 


147-0 


)9 


direct 


— 


— 


146 


)> 


reversed 


— 


— 


1340 



* Great care must be taken in handling the magnet not to touch the mirror, or 
in any way alter its inclination relative to the axis of the magnet. 

t The double thread was formed of thiee fibres slightly waied together. 
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8. Telescope moved 90° in azimutli, and torsion circle turned until 
the divifiioD 146.0 was on the vertical wire ; the telescope was brought to 
the north side of the instrument in order that the north end of the 
magnet might be opposite the low numbers of the scale, and an increase 
of force be denoted by an increase of reading. 

Torsion Circle. Hor. Circle. Scale. 

Magnet in meridian 26^05' 204° 10' 146-0 

„ perp. to meridian ,337 15 294 10 146-0 

i;=:48°50' log cotan = 9.94111 

a = 0.0002909 log = 6.46314 

log A- = 6.40545 
k = 0.0002544 

Increasing numbers denote increasing horizontal force.* 



INDUCTION INCLINOMETER. 

The object of this instrument is to deduce the changes of inclination, 
by observing the differences in the amount of the angle through which a 
freely suspended horizontal magnet is deflected, by the action of two soft 
iron bars placed near it and retained in the same vertical position; 

* The adjustment was examined (as below) at the conclusion of the subsequent 
series of observations^ and found correct, the value of the angle v diifering only 5' 
from its former amount. A similar course should be pursued by every observer, 
and the result recorded. 

May \9thy Noon, 

Scale. Hor. Circle. Torsion Circle. 

Magnetometer in adjustment . 177.0 294° 10' 337° 15' 
Hor. and Torsion circles moved back. 

Magnet direct 159*0 204 20 26 05 

„ reversed 295*0 — — 

„ ditto 190-0 204 00 25 55 

„ direct 157*0 — — 

„ ditto 154 — 25 50 

„ reversed ..... 167*0 — — 

„ ditto 140-0 204 00 25 40 

„ direct 148-5 — — 

„ perp. to meridian .. 147-0 294 00 336 55 

i;==:48 45 
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these difTerenceB being produced by alterations in the ratio of the 
horizontal and vertical componenti of the earth's magnetic force resulting 
from changes of inclination. 

The iron bars, if devoid, or very nearly so, of permanent magnetism, 
become temporary magnets under the inducing action of the vertical 
component of the earth's magnetic force, and their deflecting force 
may he regarded as proportional to the amount of this component ; the 
suspended magnet is therefore retained in a position of equilibrium under 
the action of two forces — one, the horizontal component of the earth's 
magnetic force tending directly to draw the magnet into the magnetic 
meridian, the other, a force proportional to its vertical component acting 
in a direction perpendicular to the axis of the magnet. The angle 
through which the magnet is deflected furnishes a measure of the ratio 
of these forces, and with the mean inclination at the place of observa- 
tion, serves to determine the coefficient by which to reduce the differ- 
ences in the angle of deflection (or observed changes in the position of 
the magnet corrected for changes of declination, &c.) into the required 
changes of inclination. 

The adjustment consists in fixing the soft iron bars vertically in such 
positions, that their acting poles shall be in the same horizontal plane 
with the centre of the suspended magnet, and in the line perpendicular 
to its axis, and in observing the angles of deflection produced by their 
joint action when in the direct and inverted positions : the position in 
which the greatest angle of deflection was produced is the one in which 
they are finally to be left. 

The angles of deflection are measured on the horizontal circle ; the 
differences are measured by the scale over the reading telescope. 

Adjustment. 

1. Level the base of the instrument in the usual manner, take out the 

torsion of the thread and suspend the magnet, raise or lower the stirrup 

until the centre of the magnet is in the same horizontal plane with the 

centres of the iron bar collets when resting on the rim of the socket, and 



determine the value of the coefficient of torsion 



(?) 



2. Move the telescope until its line of collimation is parallel (or with 
the single bar instruments perpendicular) to the magnetic meridian, 
the centre or zero division of the scale being on the vertical wire ;* 
take a reading of the scale and of the verniers of the horizontal circle. 

3. Place the soft iron bars within the sockets, the acting pole of one 

* The method of adjusting the azimuth of the mirror, or of determining the zero 
division of the scale, is given in pp. 86 and 87. 
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downwardsy and of the other uppermost ; move the telescope until thd 
centre or zero division of the scale is on the vertical wire, and clamp 
the horizontal circle ; raise or lower in succession the end of each iron 
har, and note the readings of the scale, in order to determine the height 
at which it will produce the greatest deflection ; tighten the clamps of 
the collets with the hars at the required heights, hring the centre or 
zero division of the scale on the vertical wire, and read off the verniers 
of the horizontal circle. 

4. Invert the bars, making the upper and lower ends the acting 
poles, adjust the telescope as before, and read oS the verniers. 

5. Invert again, and repeat the observations with the bars in the 
direct and inverted positions, and removed to a distance, in order to 
prove the correctness of the adjustment : leaving them finally in the 
position in which the induced and permanent magnetism act together, 
or the angle of deflection is greatest. Secure the clamp* and detach the 
key of the tangent screw. The instrument is then in adjustment. 

The observations are to be made in a similar manner to those of the 
other instruments, (the declination magnetometer being always observed 
simultaneously or within a short time before and after,) and the individual 
readings or mean values corrected for changes of declination and hori- 
zontal intensity, and the change of temperature of the soft iron bar, 
according to the following formula : — 

where/, and/ = the observed and corrected readings. 

df by and t =: the readings of the declination and bifilar magneto- 
meters and iron bar thermometer, corresponding 
to the standard reading of the inclinometer, 
d', 6', and /', = readings simultaneous with the observation /'. (^ 
corrected for temperature.) 
a and a' = the angular values of the induction inclinometer and 
declination scales, corrected for the torsion of the 
suspension threads. 

„ sin D cos S k 

U=: -: — T-. . - 

sm 1' cosu a 

n^ sin S cos D q 
cos u ' a 
tt = the difference of readings of the azimuth circle, with 
the soft iron bars away, and in their final posi- 
tion of adjustment. 

♦ If the ingtrument has an additional clamp, it muH never be iighiened while the 
tangent terew it in ute. 
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u' = the corresponding difference, with the bars inverted. 
D = J (m - m') 

k = the coefficient of the bifilar magnetometer. 

6 = the inclination at the place of obserration. 

q = the change of the induced magnetism of the soft iron 

bars for 1* of temperature. 

The corrections for changes of horizontal intensity, depending on the 

difference of the angles u and u\ will generally be inappreciable, 

provided the bars are made of iron of such quality as to retain but a 

small portion of permanent magnetism.* 

The variations of inclination are obtained by multiplying the dif* 

ferences of corrected readings by a constant coefficient, 

^ sin 2 S cos u . 

a P r= a : ' 

2 sm S cos D 

the value of this coefficient, and of the three required for corrections, 

fa' \ 

( -,B,andRj, or the data required for their computation, must be 

given with every abstract of observations ; also a statement of whether 
increasing numbers denote an easterly or westerly movement of the 
north end of the magnet, and whether an increase or decrease of 
inclination. 

The induction inclinometer, together with the declination and bifilar 
magnetometers, should be observed during the observations of absolute 
inclination or dip, in order to obtain its mean value. 



Example. Woolwich^ July hihy 1843. 

ADJUSTMENT OF INDUCTION INCLINOMETER. Bif. 10. f 

1. Plummet suspended and allowed to swii^ freely, the base having 
been first accurately levelled ; magnet suspended and lowered to within 
about -A-t^ 0^ an inch of the upper surface of a piece of wood placed 
within the copper box, — ^this being the height required, in order that the 
centre of the magnet and of the iron bar socket should be in the same 
horizontal plane. 

2. Telescope adjusted in azimuth and clamped. Reading of scale, 
151.0, hor. circle 33° 55'. 

* The permanent magnetism of the iron bars appears to increase gradually for a 
certain time after their being placed in the vertical position ; M, Lamont states that 
a permanent magnetic condition may be given by dipping the bars, fifteen or twenty 
times, alternately in hot and cold water, keeping them always in a vertical position. 

t This instrument was constructed for only one iron bar. 
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Observations made to determine the coefficient of torsion. 
5 = 0.0008, 

and a (l + p) = I'-OOl X 1.0008 = 1'.0018 

3. Iron bar No. 1 1 placed perpendicularly within the socket, resting 
on the collet at its lower extremity. Telescope moved until the centre 
divisions of the scale were in the field of the telescope, and the position 
of the collet adjusted by trials as below : — 

Scale. 

Iron bar direct 1 46 . 

„ lowered 1 43 . 

„ raised 144.0 

„ ditto 144.0 

Bar removed and collet clamped. 

4. Readings taken with the bar direct and inverted and removed to a 
distance, the centre division of the scale being adopted as the zero. 



Position 
of Iron Bar. 


Readings. 


Differences. 1 


Scale. 


Horizontal 
Circle. 


« 


«' 


Away . • 
Direct . . 
Inverted . 
Direct . . 
Away . . 
Inverted , 
Direct . • 


151.0 
151.0 
151.0 
150.0 
150.0 
150.0 
151.0 


o / 

33 55 
58 50 
10 35 
58 50 
33 55 
10 35 
58 50 


24 55 

24 55 

• • 
24 55 


o / 

23 20 
23 20 




24 55 


23 20 



Calculation of the Coefficients. 

a = 1'.0018 
a'= 1003 
u = 24° 55' 
w' = 23° 20' 
D = 0° 48' 
S = 24° 8' 
= 69° 0' 
k = 0-0002544 
9 = 
1. Coefficient (B) for corrections on account of changes of horizontal 
intensity. 



B = 



sin D cos S 
sin 1' cos u 



— = 0*0123 
a 
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0* 48' 






log 


sin 


=: 


8.14495 




24° 08' 






log 


cos 


= 


9.96028 




Bin 1' 


ar 


CO 


log 




=: 


3.53627 




24° 55' 


ar 


CO 


log 


cos 


=: 


0.04243 




.0002544 






log 




= 


6.40544 




1.0018 
= 0.0123 


ar 


CO 


log 
log 




s: 


9.99922 


B» 


8.08859 



2. Ck>efficient (R) for temperature corrections, 
sin S cos D q 



cos u 




a 


9=t 




log = 


sin 24' 08' 




log = 9.61158 


cos 0^ 48' 




log = 9.99996 


cos 24** 55' ar 


CO 


log = 0.04243 


1.0018 ar 


CO 


log = 9.99922 


R = 


log = 



3. Coefficient (a P) for reducing the differences of corrected readings 

into changes of inclination, expressed in minutes and decimals of a 

minute. 

^ sin 2 fl cos u ^, ^,„ 

a P = a ^ . ^ =-= 0\743 

2 sm S cos D 

r.0018 log = 0.00078 

138' tf log sin = 9.82551 

24^*55' log cos = 9.95757 

2 ar CO log = 9.69897 

24° 08' ar co log sin =: 0.38842 

0°48' ar co log cos = 0.00004 

a P = 0'.7435 log = 9.87129 

Increasing numbers denote an easterly movement of the north end of 
the magnet, and an increase of inclination. 

* This value of the coefficient (B) is sufficiently small to render the correction 
inappreciable at all times, except during great disturbances. 
t The value of q had not been determined. 



Digitized by VjOOQ IC 



A 



32 



DBT£RMINATION OF THE ABSOLUTE DECLINATION. 



Portable Decunoheter. 



The adjustment of the Declinometer consists in bringing the line of 
detorsion (or the direction in which the force of torsion of the thread 
acts), first approximately, then accurately, into the magnetic meridian ; in 
determining the zero division of the scale corresponding to the magnetic 
axis of the collimator magnet^ and in bringing the line of collimation 
of the theodolite telescope into the magnetic meridian, its vertical wire 
coinciding with this division. 

Adjustment. 

1. Setup the stand, the top roughly levelled; attach the levelling 
screws, the mirror, and (if required) the deflecting bar supports, to the 
base of the wooden bux ; place the box on the stand, and turn the 
top in azimuth, until the sides of the box are parallel, or nearly so, 
to the magnetic meridian. 

2. Screw on the glass tube ; suspend the stirrup by a thread of 
sufficient strength, (about three or four fibres), and attach the plummet ; 
adjust the levelling screws, so tht the thread may hang fairly in the 
centre of the tube, and allow the stirrup to swing freely.* 

3. When at rest, or nearly so, estimate the deviation of the stirrup 
bar, or of the line about which it vibrates, from the magnetic meridian, 
remove the plummet, suspend the longer collimator magnet, and turn 
the torsion circle through this angle in an opposite direction ; raise the 
magnet to the required height, and if the line passing through the 
centres of the glazed apertures does not coincide nearly with its ftxis, 
turn the top of the stand in azimuth, to bring it into the required position, 
and secure the clamp, tightening the screw with the lever-pin ; re-adjust 



* The time required for this step of the adjustment (bringing the plummet to 
rest, or taking out the whole turns of the thread) may be saved after the first 
adjustment, by packin(^ the instrument with the glass tube attached, aad securing 
the stirrup so as to prevent it from turning and twisting the thread ; the sides of 
the outer case, corresponding to the north and south ends of the box, should be 
marked, in order that it may be carried always in the same direction, and not 
turned round so as to twist the thread. 
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the level so that the thread may hang in the centre of the tube, and 
quiet the magnet.* 

4. Adjust the height and inclinatfon of the mirror bo that the light 
may be thrown through the centre of the magnet, and the divisions of the 
scale seen distinctly with the naked eye. 

5. Place the theodolite on the stand of the declinometer, if adapted to 
receive both instruments ;f if not, place it on its own stand, at any con- 
venient distance^ i(aboat 1^ or 2 feet) to the north or south of the 
instrument, adjust the telescope to sidereal or infini-distant focus, and 
move it by means of the legs of the stand, and its own azimuthal and 
vertical motion, until the divisions of the scale are clearly seen; level' 
the theodolite, (the stand being firmly fixed,) and bring the vertical wire 
or cross of the telescope to coincide with the centre division of the scale. 
Note this division. 

6. Invert the magnet, holding the stirrup carefully in the hand to 
prevent the thread from twisting or fraying ; quiet it, and take a second 
reading of the scale ; i. &., note down the division, or part of a division, 
intersected by the vertical wire. 

7. Invert again and again, noting the reading after each inversal. 
The mean of each pair of readings, if corrected for intermediate changes 
of declination, will denote the zero division of the scale corresponding 
to the magnetic axis of the magnet. 

When the observer is not provided with a second declination instru- 
ment, a mean result, from which the changes will be very nearly, if not 
altogether, eliminated, may be obtained (as in the annexed example) by 
taking the means of every three successive readings, giving double 
weight to the middle one ; if the partial results thus obtained differ more 
than two -tenths of a division, the readings should be continued, and 
the needle inverted again and again, until the final result can be relied 
on to one-tenth of a division. 

The zero thus found may be considered in general as a constant 

* If the mag:net has an irregular up aud down motion, the quickest mode of 
quieting it, either with or without a damper, is to deflect or jam it against one of the 
sides of the box, and retain it there for a few seconds until at perfect rest ; if the 
deflecting magnet be withdrawn very slowly, it will return gradually to its natural 
position, vibrating steadily, either in a large or small arc, the size of which may be 
reduced (should the damper be away or its action too slow) by using the same 
magnet as a quieting bar. 

f A stand of this description will be found useful on a rapid survey* where the 
saving of a few minutes ^^ is of consequence, but generally separate stands are to 
be preferred, on the ground both of convenience and accuracy. 
4 The nearer the distance, the easier will be the adjustment of the Theodolite. 

c 
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quantity provided the lens and scale are left untouched; the observations 
should be repeated occasionally, in order to prove that such is actually 
the case. 

8. Bring the vertical wire of the telescope in line with the zero 
division. The line of coUimation of the telescope is then in the direction 
of the magnetic axis of the magnet, and very nearly in the magnetic 
meridian. 

9. Suspend the brass cylinder and weak magnet ; turn the torsion 
circle until some division near the centre of the scale is on the vertical 
wire of the telescope ; note the readings at three extremes of the arc of 
vibration, and set down their mean, giving double weight to the middle 
reading. 

10. Invert the brass cylinder, and determine the division of the scale 
corresponding to the magnetic axis of its magnet, (as the zero for 
future observations,) in the manner already described. The partial 
results are not required to be brought to so near an agreement in 
this case as with the large magnet. 

11. Turn the torsion circle until the zero division of the brass cylinder 
is on the vertical wire of the telescope, or until the mean of the extreme 
readings give the same division. The line of detorsion is then in the 
magnetic meridian. 

12. Suspend the collimator magnet, and bring the vertical wire of 
the telescope to coincide again with its zero division, the line of col- 
limation of the telescope is theii accurately in the magnetic meridian. 
Record the time of observation. 

13. Read off the verniers of the azimuth circle; turn the telescope 
into the direction of some object whose azimuth from the true north is 
known, or can be determined, and read off again. The difference of these 
readings added to or subtracted from the true azimuth of the object 
referred to, will give the absolute declination. As the direction of the 
magnetic meridian is continually changing, (tlie declination magnetometer 
should be observed simultaneously, in order that the mean declination 
may be obtained, instead of the declination at one period only ; or, if the 
observer is provided with a declinometer onl^/the instrument should be 
left in adjustment, and observed half hourly, or hourly, for as long a 
period as possible. 

The declinometer may also be used for observing the variations of 
declination ; the changes of angle are obtained /(as with the declination 
magnetometer)! by multiplying the differences of scale readings by the 
angular value of the scale corrected for the ratio of the torsion and mag- 
netic forces, or by the coefficient ail + -^r )- 
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The angular value of the scale is detennined with the theodolite, by 

measunng the horizontal angle subtended by a certain nmnber of its 

divisions, the magnet being temporarily fixed, so that the scale may be 

immoveable, while the vertical wire of the telescope is moved successively 

on to the different divisions ; the corresponding readings of the scale and 

of the verniers of the azimuth circle being observed and registered, the 

differences of the latter divided by the differences of scale readings will 

give the value required.* 
jj 
The value of -= is determined by turning the torsion circle through two 

or more large angles (for example 90''), and noting the corresponding 
differences of reading ; if u? equals the mean of the former, and u that 
of the latter reduced to angular value, 

H _ u 

F w — u * 

The value of the coefficient a f 1 + •=; J must be given with every 

abstract of observations ; also a statement of whether increasing numbers 
denote an easterly or westerly movement of the north end of the magnet 

The observations to determine the zero divisions of the two scales, or 
their angular values, may be made, if convenient, in a room containing iron 
or other magnets, provided their relative position is not altered during the 
continuance of the series ; the several steps of the adjustment, numbered 
6, 7, 8, 10, and 11, may be dispensed with after these constants have 
been determined, the zero divisions being at once brought on to the 
vertical wire of the telescope, instead of the centre divisions as directed 
in Nos. 5 and 9 ; the second step may also be rendered unnecessary 
after the first adjustment, by locking the stirrup within the box, so as to 
prevent the thread from becoming twisted during the interval of the 
observations. 

The collimation adjustment of the telescope should be examined and 
corrected before the commencement of the adjustment, and where the 
greatest possible accuracy is required, (as at a fixed observatory,) the 
observations should be repeated with the telescope reversed on its axis, 

* The iitterval of the lens and scale is adjusted by the maker so that the divisions 
shall be most clearly seen with a telescope at infini-distant focus ; if the adjustment 
is very accurately made the angular value of the scale will be the same at whatever 
distance the telescope may be placed, but not otherwise. The observations should 
be repeated occasionally , and if the results are found to vary at different distances, 
must be m^de at every observation of deflection, unless the distance remains always 
exactly or very nearly the same. 

c 2 
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or the amount of the error of collimation should be experimentally deter- 
mined, (by noting the readings of the scale with the axis of the telescope 
alternately direct and reversed,) and the correction calculated. 

The accuracy of the determinations of absolute declination depends 
directly^ on the accuracy with which the zero division of the scale on the 
collimator magnet is determined, on the degree of certainty with which 
the vertical wire or cross of the telescope can be brought to coincide 
with this division, and on the accuracy of the determination of the line 
of the true meridian ; indirectly^ on the correctness of the adjustment of 
the line of detorsion to the magnetic meridian : the probable error froni 
the latter cause will depend on the quality and fineness of the suspension 
thread, and ought not to exceed a few seconds ; the probable error from 
either of the two first ought not to exceed one- tenth of a scale division, 
or about 12".* 

The direction of the true meridian may be obtained by several 
methods. The following are those which will be found most generally 
applicable for small instruments : — 

1. By referring the telescope to some terrestial object whose true 
bearing or azimuth has been already determined. 

2. By turning the telescope in the direction of the sun or of a fixed 
star, observing its time of transit across the centre vertical wire> and 
noting the corresponding readings of the horizontal circle. The azimuth 
of the sun or star, or the correction to be applied to the difference of the 
readings of the horizontal circle, in order to obtain the absolute declina- 
tion will be given by the formula, 

A=i(A + V)Ti(Av-,V).t 
The values of i (A + V) and J (A «-»V) being found by the formulae, 

tanHA + V)= '^f^<|":;> xcot^P. 
cosj (y + A) 

ta„i(A-.V)=?|BH!Jl^)xcot4P. 

sm J (tf/ + A ) 
where 

A = the azimuth of the sun or star corresponding to the observed 
time and readings. 

* With a good theodolite the probable error of a single determination of the 
absolute declination ought not, in calm weather, to exceed one minute; several 
independent determinations should be made at a fixed observatory, in order ta 
obtain a more certain result. 

f The upper or negative sign is to be used when y is greater than A , and the 
lower when less. 



Digitized by VjOOQIC 



37 

\^ = tbe colatitude of the place of observation. 

A =: the north polar distance of the sun or star. 

P =: the hour angle at the pole. 
The hour angle at the pole is obtained from the observed time of 
transit^ by adding or subtracting the error of the chronometer, applying 
the equation of time, and reducing the sum or difference to degrees and 
minutes of angle ; or, if a star is observed, by reducing the corrected 
mean time to sidereal time, and subtracting the right ascension of the 
star. 

As the transit of the sun's centre cannot be directly observed, the mean 
of the times at which each limb passes the centre wire must be taken 
as the time of passage of the centre. 

3. The azimuth of the sun or of a star may be obtained without the 
use of a chronometer, by observing its altitude at the time of passing 
the middle wire of the telescope ; both observations may be made with 
an altitude and azimuth instrument, or the azimuth may be observed 
with a theodolite, and the altitude with a sextant and an artificial horizon, 
the two observations being made at the same instant. 

If Z = zenith distance of the star, 

. ,. . sin j^ (A - v^ + Z) sin i ( A + ^^ - Z) 

Sm ♦ A 5= . } : rw 

sm y sm Z 

4. The line of the true meridian may be obtained directly, with the 
aid of a chronometer, by pointing the telescope towards a star near the 
pole at the time of its upper or lower transit, the time required having 
been previously calculated by adding or subtracting the error of the 
chronometer from the true mean solar time of the star's transit ; the 
mean solar time of transit is found by subtracting the sidereal time at 
mean noon (given in page 2 of the Nautical Almanac) from the right 
ascension of the star, adding a correction of 9 ' 8565 seconds for every 
hour of longitude, if the place of observation is to the west of Greenwich, 
or subtracting it if to the east, and reducing the corrected difference from 
sidereal to mean solar time. The greater the distance of the star from 
the pole or the less its declination, the greater must be the accuracy with 
which the error of the chronometer is known. 

5. By the method of equal altitudes ; — turn the telescope in the direction 
of the sun or of a star before the time of its passing the meridian, clamp 
the horizontal circle, and read off the verniers ; adjust the altitude of the 
telescope so that the star shall be on the horizontal wire at the time of 
passing the centre vertical wire, and clamp the vertical circle, or observe 
the altitude of the star at the same instant with a sextant and artificial 
horizon \ move the telescope in azimuth after the star has passed the 
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meridian, bring the centre vertical wire to bisect the star when again 
at the same altitude, and note the reading of the horizontal circle ; the 
mean of this and of the former reading will give the reading of the 
circle corresponding to the line of the true meridian, provided the 
object observed is a fixed star. If the sun is observed, the altitude 
of either the upper or lower limb must be taken at the time of the first 
or second limb (or both) passing the centre vertical wire, and the 
telescope re-adjusted so that the limb first observed may pass the 
vertical wire at the second observed altitude, and the second at the 
first ; the mean of the two readings of the horizontal circle must also 
be corrected for the change of the sun's declination during the interval 
of the observations, this correction is found by the formula,* 

C = i ( A - A ') sec L cosec i (T - T) 

where A — A' = the change of the sun's declination in the 

interval of the observations. 
T — T = the interval of time between the two observa- 
tions expressed in angular value. 
L =: the latitude of the place of observation. 

£ither of the above methods may be employed with an altitude and 
azimuth instrument, or superior description of theodolite ; but with an 
indifferent instrument, or, generally, with a theodolite of the ordinary 
construction, the azimuths of objects near the horizon should alone be 
observed. 
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Example, 



Woolwich, July 18-19, 1843. 



ADJUSTMENT OF PORTABLE DECLINOMETER (No. 17), AND DE- 
TERMINATION OF THE ABSOLUTE DECLINATION. 

1. 18d. 21 h, 50m. — Declinometer stand fixed in the open air, the 
top levelled by estimation, and the instrument placed upon it, the 
levelling screws, mirror, glass tube, &c. having been first attached ; 
the top of the stand moved in azimuth so as to bring the sides of the 
box parallel to the magnetic meridian. 

2. 22h. 5m. — Stirrup suspended by a thread of three fibres, and the 
plummet attached, base levelled so that the thread hung fairly in the 
centre of the tube, sides of the box closed, and the stirrup left to swing 
freely. 

3. 22h. 25m. — End of the stirrup bar observed to vibrate from about 
N. to W. 10° S., angle of deviation 50® ; plummet detached, and the 
3.85 inch collimator magnet (c. 6) suspended, torsion circle turned 
through an angle of 50", (from 15* to 325%) bringing the line of detorsion 
approximately into the magnetic meridian; copper damper placed within 
the box, mirror adjusted so as to throw the light through the axis of the 
magnet, and the magnet steadied. 

4. 22h. 31m. — Altitude and azimuth instrument placed about 2^ 
feet to the south of the Declinometer, on a separate stand, and fixed 
in the line of the axis of the magnet so as to obtain a reading of the 
centre division of the scale while the divisions on either side were seen 
with equal distinctness ; base of the instrument correctly levelled. 

5. Observations to determine the zero division of the magnet scale. 



Times. 


Position of 
Scale Numbers. 


Readings. 


Mean of 

lands. 

2 and 4, &c. 


Zero. 


H. M. 

22 55 


Direct . . 


80-0 








InTerted . 


89-2 


79.85 


r 84«52 




Direct . . 


79-7 


89.35 


•53 




Inverted . 


89-5 


79.60 


•55 


23 15 


Direct . . 


79-5 


Mean 




84^5 



6. Telescope moved in azimuth until the division 84.5 was on the 
vertical wire. 

1. Magnet removed and brass cylinder with weak magnet suspended. 



Digitized by VjOOQIC 



40 



8. Observations to detennine the zero division of the brass cylinder 
scale, or the division corresponding to the magnetic axis of the weak 
magnet. 



Podtion of 

Scale 
Namben. 


Times. 


Eeading>*at 

Extremes 
ofVibratioa. 


Means 

of Extreme 

Besdings. 


Means. 


Means of 

lands. 

2and4.&c 


Zero. 




H. M. 


f 70-0 










Direct • • 


23 30 
f - 35 


63-0^ 
69'5 
64-0 

r 72-2 
51-7 
68-5 
53-5 


66-5 
6-3 
6-7 

62-0 
60-1 
61*0 


66-5 






Inyerted . 


. - 40 


I 69-7 

r 66-7 
1 56-7 
I 67-2 

69-7 
61-0 


61-6 

61*7 
62-0 

65-3 


61*4 


66*0 


63-8 


Direct . . 


- 46 


70-8 

60-0 

'^ 72-0 

r 73-2 
48-0 
73-8 
48-0 


65-9 
65-4 
66-0 

60*6 
60*9 
60-9 


65*6 


61-4 


63-5 


Inyerted • 


- 53 


/ 74-0 
72-0 
52-0 
72-0 

. 53-6 


61*0 

62-0 
62-0 
62*8 


61-5 


MSAN 


• 


63-7 



** These readings are given in order to show the accuracy with which the final 
result can be obtained under unfavourable circumstances ; the irregular movements 
of the magnet were occasioned by fresh gusts of wind which shook the instrument 
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9. Line of detonion brought accurately into the magnetic meridian. 



Timet. 


Readings. | 


Scale. 


TonionCiicW. 


D. H. M. 




o / 


18 23 58 


62-1 


326 30 


19 3 


63-8 


324 00 



10. Magnet C. 6 suspended and brought to rest. Scale reading 83*5; 
telescope moved in azimuth, and the vertical wire made to coincide with 
the zero division 84* 5 : the line of coUimation of the telescope was then 
(at 19d. Oh. 27m.) in the magnetic meridian. 

11. The instrument was left in adjustment and observed half hourly. 

Half-Hourly Observations. 



Timet of Obeervation. 


Scale 
Reading!. 


Woolwich. 


Gottingen. 


D. H. M. 


D. H. M. 




19 27 


19 1 07 


84-5 


57 


1 37 


84-1 


1 27 


2 07 


83-9 


1 57 

2 27 


2 37 

3 07 


8^0 
84-2 


19 1 27 


19 2 07 


84-1 



Means 



The commencement of a heavy shower rendered it necessary to place 

the instrument under cover; the final result would have been deduced as 

follows, if the observations had been completed, 

19o. Oh. 27m. to 19d. 2h. 27m. Mean reading 84* 1 

Zero* 84-5 

Diff. 0-4 
a = 2^'33 

Correction to the observed azimutht • . • + 0'*932 
Azimuth of the line of collimation (assumed) 23° 10*3 

Mean absolute declination 23° 11 -2 W. of North. 

* If the wind causes the magnet to vibrate, it will be more convenient and accu- 
rate to bring the vertical wire to coincide nearly with the zero division, noting the 
reading and applying an additional correction, rather than to attempt to make it 
coincide very accurately. 

f Increasing numbers denoted a movement of the north end of the magnet 
towards the East. 
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If tbe observationB had been made in connexion with a aeries of ob- 
servations of a Declination Magnetometer, the observation at 19d. Oh.27m. 
would have been taken as the zero of the series, and the mean declina- 
tion for a month or year derived in a similar manner, by subtracting the 
mean of all the included observations from the zero division, reducing 
the difference to angular value, and applying it with its proper sign to 
the mean of the observed azimuths. 



Thsodoutb Magnetometer. 

The observations of absolute declination with this instrument are to 
be made in a similar manner to the observations with the Portable 
Declinometer and detached Theodolite, determining the division of the 
scale corresponding to the magnetic axis of the magnet, and bringing the 
line of detorsion of the suspension thread into the magnetic meridian 
according to the instructions already detailed. 

The magnet is to be suspended in the wooden box, which must be 
placed on the support at the end of the table, and adjusted by means of 
its sliding motion, so as to bring the lines of collimation of the magnet 
and telescope into the same right line. 
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ABSOLUTE HORIZONTAL INTENSITY. 

The determination of the horizontal intensity requires two distinct 
series of observations or experiments, experiments of deflection, and 
experiments of vibration ; the first give the ratio of the magnetic moment 
of the deflecting magnet to the horizontal intensity, the second, the pro- 
duct of the same quantities ; the absolute value of either is obtained by 
combining the two results. 

The experiments of deflection consist in observing the angles through 
which a freely suspended magnet is deflected, by the action of a second 
magnet* placed at different distances from it in the direction of a line 
passing through its centre, perpendicular either to the axis of the sus- 
pended magnet or to the magnetic meridian. The observations are to 
be made with the {Portable UniJUar or Theodolite Magnetometer^ with 
the Observatory Unijilar Magnetometer y or with the ^ Portable Dedi' 
nometer. With the two first, the magnets are brought always at right 
angles to one another, and the angles of deflection measured on the hori- 
zontal circle according to the methods proposed by M. Lamont ; with 
the Observatory Urifilar Magnetometer the magnets are brought at right 
angles to one another, according to the method of M. Lamont, and the 
angles of deflection measured by means of a long scale fixed above or below 
the telescope, according to the method originally adopted by M. Qfauss ; 
with the Portable Declinometer, the angles are obtained by noting the 
readings of the scale on the suspended magnets, and as its entire range 
cannot exceed 7° or 8^, the deflecting magnet may be left always at 
right angles to the magnetic meridian. 

The experiments of vibration consist in suspending the magnet used 
as a deflecting bar in a wooden box of suitable dimensions, and noting 
the times at which some central division ^of the scale, or (if the magnet 
carries neither mirror nor collimator scale) some mark on the end of the 
magnet passes across the vertical wire of the telescope during at least 
300 vibrations, the magnet having been first made to vibrate steadily, 
and the arc of vibration reduced to as small a size as the observations 
will allow* 

As the time of vibration depends on the form and weight of the sus- 
pended mass, as well as on the product of the magnetic moment of the 

* It is convenient that the lengths of the two magnets should he in the proportion 
of 1 to 1*M4. (Trans. R. I. Acad. Vol. xxi. On the determination of ike intensity of 
the Earth* 9 magnetic force in absolute measure, by the Rev, H» Lloyd, D,D») 
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\ magnet into the horizontal intensity, its moment of inertia must be 
^ experimentally determined before the required value of this product can 
i be obtained ; the experiment consists in observing a second series of 
vibrations with two cylindrical weights of equal dimensions, whose mo- 
ment of inertia is known, suspended at opposite ends of the magnet ;* if 



1 



K = the moment of inertia of the suspended magnet 

and stirrup, (or the value required) ; 
K' =z the moment of inertia of the weights ; 
T' and T = the times of vibration with and without the J ^ 

weights; ^ X 



nf iriArtio of fYiA xirpiorhfa in nAlnnlntf^fl Kv tit A fnrmnln \ 



* M. Lamont employs a very regularly turned glass or meted ring for the same 
purpose. (Scien. Mem. part zi.) 



I 



the instruments. 
{ These obser 
station before proceeding on a magnetic survey, and the result verified at its close. 



'i^ 
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The moment of inertia of the weights is calculated by the formula 
K' = (i ^ + T^ p 

where / equals the interval of the points of suspension, or length of the 

magnet diminished by the depth of the grooves in which the threads rest, . \ 

r the radius of the cylinders, and 2 p their mass, expressed respectively 

in feet and grains.t ^ V^ \ 

The value of K must be ascertained with very great accuracy from .^ ^ ^^ 

the mean of several series of observations with and without the weights ;X ^ i i 

once satisfactorily determined, it may be employed as a constant quantity 

(the same magnet and the same stirrup being always suspended,) and 

the observations with weights need not be repeated at the after deter- 

y ^ minations of the intensity. A small correction must be applied for the 

- y fk changes in the dimensions or form of the suspended mass, produced by 

^ changes of temperature ; the correction consists in multiplying the value 

of K by the quantity i^ i J 

l+2e(f'-0, >^ ^ t 

where i' denotes the actual temperature of the magnet, t the temperature | ^ i 
corresponding to the time of the original observations, and e the r {'* 
coeflficient of dilatation of steel for 1° Fahr. The numerical value of ^ is ^ J s 
0-0000068. i4> 



^ 



>( ^ i ^ f These quantities must be very exactly detera&ined by the maker, and given with ' 1 a ^ 



Vi 



{ These observations should be made at a fixed observatory or other convenient >J >! < 



'.t? • ^ K 
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OBSERVATIONS OF ABSOLUTE INTENSITY WITH THE PORTABLE 
UNZFILAR OR THE THEODOLITE MAGNETOMETER. 



EXPERIMENTS OF DEFLECTION. 

1. Level the instrument very accurately and suspend the magnet,* 
place the deflecting bar on the graduated support west of the suspended 
magnet, with its centre at any given distance (never less than three, and, 
if only one distance is employed, about five times its length), the north 
end to the west. Turn the telescope in azimuth until the centre or zero 
division of the scale is on the vertical wire, and read off the verniers 
of the horizontal circle ; note the height of a thermometer placed near 
the deflecting bar, and the approximate time of observation; if the 
instruments are in adjustment, note also the readings of the Declination 
and Bifilar Magnetometers. 

2. Reverse the deflecting magnet, keeping its centre in the same 
position, and repeat the observations ; the diflerence of the readings of 
the horizontal circle, (if corrected for changes of decliiiation,) will 
fiimish the first partial result corresponding to twice the angle of 
deflection. 

3. Reverse again and again, repeating the observations until a 
sufficient number are obtained to furnish an accurate mean result, 
judging of the number required by the agreement of the partial results. 

4. Place the bar at the same distance on the opposite support, and 
repeat the same series of observations ; half the mean of the results on 
either side will be equal to the angle of deflection, corresponding to the 
distance of the centre of the deflecting bar. 

5. Repeat the observations at one or more additional distances, and 
the experiment is completed. t 

* No adjuotment of the line of detonion is required for these experiments. 

f The results of the observations made at 'different distances, must be combined 
together in order to determine the values of the constant coefficients P and Q ; but 
the values of -^ are to be calculated in every case from the observations at each 
distance, taken separately, and the result obtained from a single series made with 
care and including a sufficient number of partial results, will be of more value than 
the mean result obtained from two or more series at different distances made 
hurriedly $ a few observations »hould be taken at a second distance, on a magnetic 
survey, as a check on the general accuracy of the result. 



Digitized by VjOOQIC 



46 



Calculation. 



Tbe obierradoDB of deflection at different difltances furnish a aeries of 
equations expressing the ratio of the magnetic moment of the deflecting 
magnet to the horizontal intensity ; these equations are of the form—- 



X ' 






&c. 

where m = the magnetic moment of the deflecting magnet ; 

X = the horizontal magnetic intensity ; 
f* ^h ^fh &c. = the distances between the centres of the deflect- 
ing and suspended magnets expressed in feet 
and decimals of a foot ; 
Uy u\ v!\ &c. = the corresponding angles of deflection ; 
P, Q, R, &c. = unknown coefficients depending upon the dis- 
tribution of the free magnetism of the deflecting 
and suspended magnets ; to be eliminated, or 
their values determined, by experiments at dif- 
ferent distances. 
Omitting the fourth and succeeding terms of the series, the correction 
for which may be considered inappreciable in practice^* the equations 
are reduced to— 



X * 






^""('"4^) 
■•^1*^) 



&c. 
The results of the experiments made at a fixed observatory, in con- 



* The formula for the determination of ■= given in the Royal Society's instruc- 

Q . 

tions is based upon the supposition that the third term -^ may be omitted, provided 

the observations are made at distances of not It^ss than four times the length of the 
magnet; in a paper since written by M. Lament (Seien. Mem., part 12), the error 
produced by its omission is shown to be appreciable at this distance under the present 
improved system of observation. 
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nexion with a series of differential observations of the Bifilar Magneto- 
meter, are to be calculated by these equations, i. e., by the formula—- 

m ^ j^ r* sin tt 

substituting the corresponding values of u and r, 1/ and r^, &c., and the 
known or calculated values of the constants P and Q. 

The results of the observations made during a magnetic survey may 
be calculated with sufficient accuracy by the simple formula — 

-^ = Jr smu, 

provided the lengths of the deflecting and suspended magnets are in the \ 
proportion of 1 * 224 to 1 ; and in other cases by the formula— 

m ^ j^r' sin tt 

The values of the constant coefficients P and Q are to be determined 
experimentally from observations at three or more distances* calculated 
by one of the two following series of formulae. The sines of the several 
observed angles of deflection must be reduced to a uniform temperature 
and intensity before the calculation is commenced, if 

u and w* = the corrected and uncorrected angles of deflection. 

k = the coefficient of the Bifilar Magnetometer. 

/and/' = the standard and observed readings of the Bifilar Mag- 
netometer corrected for temperature. 

q = the temperature coefficient of the deflecting magnet. 

t' and t t=^ the observed and standard temperature of the same 
magnet. 

* The observations must be made with great eare, and the sines of the angles of 
deflection reduced very accurately to the same temperature and intensity ; as several 
series are required, in order to obtain correct values of the coefficients, the labour 
of calculation may be diminished by observing always at the same distances^ 
making the values of B, B', D, D^ &c., constant quantities. 



\ 
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1. Formulae for the calculation of the coefficients P and Q, from 
observations at three distances only ; 

make A = J r/ sin m' — J r* sin u 

A' = 4 rj sin «" — J r/ sin w' 



B - ^ ^ 




--7-.T 




B" = ^-^ 




B'"=-i-^ 




p,_ A'B"- 


-AB'" 


B'B"- 


-BB'" 


Q' - I A'B - 


AB' 


^ ' B'B" — 


BB'" 


P = P'- 

m 









then. 



The approximate value of =p obtained from the observations at the 

greatest distance by the expression i r^^ sin u'* may be substituted in the 
two final equations. 

2. Formulae for the calculation of the coefficients P and Q, from ob- 
servations at more than three distances ; 

. sin u sin m' . sin u*' sin m'" _ 

make A = ■ , ■+ — i— + ^s + ^ a + *c- 

., sin u . sin «' sin w" . sin «"' . „ 
A' = — - — + + — T + 1 ^ ^^* 

^ ^* n.* c 

. ,, sin u sin m' . sin u" . sin w'" . . 

A" = — =- + ^— + -— + — + &c. 

r7 r/ r,T rj 

B = — i~+ — T- +— 'l- +— V- + &<-*• 
B' =_i-+_-±-+-J^ +^ + &c. 

B" =-i5r-+-^ + -;^+-^+&c. 
B"" = -4- + — ^4- — ^+ -^.- + Ac. 



r 



// 
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c 


= AB' -A'B. 


c 


= A'B" - A"B'. 


D 


s= B B" — Br 


D' 


= BB'" -B'B". 


D" 


= B'B"' - B*". 


D" 


' = B'B"" - B"B"'. 




1CD'"-C'D' 


P 


•^ — 




2 D D'" - D'D" 




_ ICD'-C'D 


Q' 


"^ 2DD'"— DD"' 




X 


P 


= F± 




m 


Q 


m 



3. The value of the coefficient P may be calculated for the observations 
on a magnetic survey by the formula. 



p — _ y* ^f B^P u' — r* r* sin u 
"^ T/* sin u' ^ r^ sin u 



The distances r and r' should be (if possible) in the proportion of 
1 to 1 * 32, or the second distance about one-third greater than the first. 



Example, Woolvnc , August 12, 1843. 

Portable Unifilar Magnetometer marked Inc. 5, placed in the magnetic 
instrument-room on stand A; no iron within 15 feet, but a considerable 
quantity beyond that distance, some of which may have been moved 
during the continuance of the experiment ; four small magnets, at dif- 
ferent distances in the same room, and several of all sizes in the adjoining 
rooms at distances varying from 25 to 40 feet, being coupled together with 
keepers, their influence was very nearly inappreciable. The Bifilar 
Magnetometer was within 7 or 8 feet of some iron in an adjoining room, 
any movement of which would have ajQected its readings. 

Base of the instrument correctly levelled, magnet I.l (2*45 inches in 
length) suspended, and the angles of deflection observed at distances of 
1 • 0, 1 • 1 , 1 • 2, 1 • 3, and 1 • 4 feet. The observations at 1 • feet are given 
in detail, and the remainder (observed in a precisely similar manner) in 
abstract. 

D 
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EXPERIMENTS OF DEFLECTION. 

Royal Military Repository^ Woolwich^ August 11 th^ 1843. 
Lat 51° 28^. Long. Oh. 40k. OOb. W. of Gottingen. 
Magnetometer (Inc. 5), Magnets (1. 1 ) suspended, and (A 23) deflecting, Lengths 2* 45 and 3-00 Inches. 



J 


1 




?» -00015} t 


isr*00; r>I*00feet. 


Biillarika 00020; ^ =0-75 




Temp. 

of 
deflect- 
ing 
Magnet. 


Verolen 
lands. 


Meant 

of 
Veraien. 


Means ofl and % 
and 9 and 4. 




Bifilar 


DecUna 
tion 

Magnet 
ometer. 




Reading 


Temp. 








o 


o f n 


o / // 


/ ft 


o / // 




o 


* 






W 


62-7 


300 31 20 
120 28 00 


210 29 40 


(16 H. 00 M.) 




159-2 


63-5 






1 


s 


— 


327 15 00 
147 11 40 


237 13 20 


210 29 50 


26 43 30 


159*6 


— 






w 


— 


300 31 40 
120 28 20 


210 30 00 


237 13 30 


26 43 30 


15r-0 


— 








E 


62-8 


327 15 20 
147 12 00 


237 13 40 


(16U.25X.) 
(16h. 18 m.) 




158-0 


63-5 






62-7 


26 43 30 


158.4 


63-5 






W 


69*9 


300 13 20 
120 10 00 


210 U 40 


(23 H. 55 M.) 




140-8 


67-8 








£ 


— 


326 55 20 
146 52 00 


236 53 40 


210 11 50 


26 41 50 


145-6 


— 






1 


W 


— 


300 13 40 
120 10 20 


210 12 00 


236 55 10 


26 43 10 


143-6 


— 








E 


70-0 


326 58 20 
146 55 00 


236 56 40 


(Oh. 25m.) 
(Oh. 10 m.) 




138-8 


68-0 






1 


70-0 


26 42 30 


142-2 


67-9 




Me 


ans 


66-3 






(11d.20h.11m) 


2/26 43 00 


150-3 


65-7 







13 21 30 log sin = 9-3636879 

1+^ = 1+ 0-001740 = 1-001740 log == 0-0007550 

I ^{if^i)q^\ . 0-00042 = 0*99958 ai co log » 0*0001824 

Corrected log sin « « 9-3646253 

r^ log =» 0-0000000 

2 ar CO log = 9-6989700 

1 + ^ + ^ =* I - -00366 + '00161 = 0-99795 ar co log = 0-0008900 






• log =9-0644853 



* The readings of the Declination Magnetometer are omitted, in consequence of their having 
heen very sensibly influenced by the movements of the deflecting magnet. The observations with 
the magnet east show the desirableness of observing a second instrument, and, when this cannot 
be done, the necessity of obtaining an additional number of partial results. 

t The values of P and Q are deduced from the observations at 1 -0, 1 •2, and 1 '4 feet. 
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Abstract of Obssrvatioits of Dbplbction, and results at diiFerent Distances. 
Observed by Bomb. S. Hbndlev, R. A. 



Timet. 


DIs. 
tances 


Obsmed 

Anfflesof 
De&etion 


T.«p. 

DeSeet- 

lug 
Magnet. 


ftaO'OOOaO; qm -00015. 


Log. Sines 

reduced ap- 

proximately 

to an uniform 

Temp, and 

rntensity. 


Log Taints 

of 
ir*sin«. 


Ix)g Values 
of-, or 
«r«tin« 
P Q 


Scale 
Read- 
ings. 


Therm. 


Cor. 
reeled 
Read, 
ings. 


D H. M. 

11 16 12 

12 00 |0 

11 20 11 


Feet. 
1-00 


13 21 45 
13 21 15 


o 

62-7 
70-0 

66*3 


158-4 
142-2 

150-3 


o 

63-5 
67-9 

65-7 


152*1 


9*3646253 


7*06359 
T*06386 
!• 06372 
r-06311 
1-06386 


1*06449 
T-06470 
T- 06449 
7*06380 
7*06449 


13 21 30 


11 16 50 
11 23 30 


1*10 


10 00 05 
10 00 42 


62-7 
69-2 

66*0 


158*0 
140-7 


62-5 
67-0 

64-7 


150*3 


9*2407162 


11 20 10 


10 00 24 


149-3 


II 17 40 

11 22 47 


1*20 


7 41 26 
7 41 20 


62-3 
68-0 

65-2 


156-1 
142-5 

149*3 


63-1 
65-7 

64-4 


150-1 


9*1272061 


11 20 13 


7 41 23 


11 18 20 
11 22 05 


1-30 


6 02 15 
6 02 23 


62*4 
66*4 

64-4 


152*0 
139-9 


63*0 
64-8 

63-9 


146-4 


9*0223080 


11 20 12 


6 02 19 


146-0 


U 18 55 
21 25 


1*40 


4 50 59 
4 50 13 


62-6 
64-5 

63-5 


147-2 
139-6 

143-4 


62-9 
63-8 

63-3 


143-4 


8-9265037 


11 20 10 


4 50 36 



The corrected valuet given in the three last column! of the table are approximate, and, as the observa- 
tions were made daring a period of considerahle change, furnish no criterion of the accuracy to be attained 
in a fixed observatory, where the angles of deflection can be corrected with certainty for changes both of 
declination and force. The observations of all the instruments (including those of the declination 
magnetometer), were made by one observer ; when this is the case, the readings of the declination and 
bifilar magnetometers should be taken immediately after the vertical wire of the telescope is brought 
to coincide with the centre division, before reading off the verniers of the horizontal circle. A second 
observer is required when the changes are as great as in the present example. 

The times inserttd denote the middle time of the observations on either side of the instruments, or the 
mean of the times at which the first and last readings were taken ; the intervals of these times were 
nearly the same throughout (varying from 25 to 30 minutes) and may be considered to give a fair 
average of the time required for the completion of four observations. 

The values of the coefficients q are both assumed values, their amounts not having been determined 
by experiment. 



d2 
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Experiments of Vibration. 

1 . Suspend the deflecting magnet in the wooden box of the Mag- 
netometer, in the Portable Declinometer, or in any other apparatus 
which may be adapted for the purpose (the line of detorsion of the thread 
haying been first brought approximately into the magnetic meridian), 
and adjust the position of the telescope or, if necessary, the inclination 
of the mirror, so as to obtain a reading of the telescope scale. Place 
a thermometer within or against the box. 

2. Steady the magnet, by deflecting it against one of the sides of the 
box, reduce the arc of vibration to 50 or 60, or other convenient num- 
ber of scale divisions, and note the readings at the extremes of 
vibration, the temperature of the magnet, and, if in adjustment, the 
reading of the Bifilar Magnetometer. 

3. Determine the time of vibration from at least 300 oscillations, 
noting by a chronometer the times at which the numbered division of the 
scale nearest to the mean of the extreme readings, passes across the 
vertical wire of the telescope, the movement being always in one direc- 
tion, either from right to left or left to right. Note the readings at the 
extremes of vibration, the temperature of the magnet, and the reading oi 
the Bifilar Magnetometer at the close of the observations. The observa- 
tions may be made and entered according to the form given in the 
accompanying example, in which the final result is deduced from the 
means of a certain number of observations taken at short intervals (two 

or four vibrations) at the commencement, and at the close, of the series.* 

jj 

4. Determine the coeflficient of torsion, or value of — , in the usual 

r 

manner. 

5. If the moment of inertia of the suspended magnet and stirrup has 
not yet been determined, suspend the cylindrical weights to the small 
hooks at the opposite ends of the stirrup, and observe the time of vibra- 
tion of the magnet, temperature, &c., as before ; repeat also the deter- 
mination of the coefficient of torsion, its amount varying according to the 
weight of the suspended mass. 

Calculation. — The product of the horizontal intensity into the mag- 
netic moment of the suspended magnet is obtained by the formula, 

mX = -^. 

* The intermediate observations being made at intervals of 40 or 50 vibrations, 
the attention of the observer is left available, in the meantime, for other observa- 
tions. 
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Where it = the circumference of circle to diameter I ; 

K = the moment of inertia of suspended magnet and stirrup ; 
T = the time of vibration (corrected). 
The method of determining the value of K has been already detailed. 
The observed times of vibration must be corrected for the force of 
torsion of the suspension thread, the rate of the chronometer, the arc 
of vibration, the change of horizontal force between the observations 
of deflection and vibration, and the differences in the magnetic moment 
of the deflecting magnet, produced by an increase or decrease of tem- 
perature, and by the earth's inducing action. The corrections are to be 
applied according to the formula : — 

'={<-s^)-O-0-O4)<-¥)-(-<-«')-('-^) 

Where T and T' = the true and observed times of vibration. 

r = the rate of chronometer 1 "* , . v ' 

I + when gainmg. v 

a and a' = the initial and terminal semi-arcs of vibration, in 
parts of radius. 

H 

— = the ratio of the torsion and magnetic forces. 

A Y 

■ = the change of horizontal force between the experi- 
ments of deflection and vibration, + when the 
force is greatest at those of vibration, — when 
least. 

t = the temperature of the deflecting magnet during 
the experiments of deflection. 

^:= the temperature of the deflecting magnet during 
the experiments of vibration. 

q = the change of magnetic moment of the deflecting 
magnet for 1** of temperature. 

= the 4fiHB^in the magnetic moment of the de- 
flecting magnet during the experiments of 4i^ 
^■iBBBHHl vibration, produced by the earth's 
inducing action. 

The value of — is found by the formula 

^'= ay d' X • 000072722*, 
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d and (f denoting the semi-arcs of vibration in divisions of scale, and a 
the angular value of one division. 

The value of is obtained by multiplying the differences of bifilar 

magnetometer readings (corrected for temperature) by the constant 
coefficient k. 

The value of — may be experimentally determined* by placing the 

magnet with its centre on the prolongation of the axis of the magnet 
of the bifilar magnetometer, and with its own axis in the magnetic me- 
ridian. If n and n! denote the readings of the scale of the bifilar 
magnet, when the north end of the deflecting magnet is alternately to the 
north and south : n^ the reading, when it is removed altogether, 

A m ^ n -h n^ — 2 n° 

Care must be taken that the centre of the deflecting magnet is in the 
same spot, and its magnetic axis in the same right line, before and 
after reversal. This may be effected by applying the opposite edges 
of the bar (without inverting it) to the same guiding line. The expe- 
riment should be repeated at different distances, and at opposite sides 
of the bifilar magnet. 

The magnetic moment of the deflecting bar is not influenced by the 
earth's inducing action, so long as its direction is perpendicular to the 
magnetic meridian, but is liable to be increased by it when suspended 
in its natural position, as during the experiments of vibration. The 
effect varies with different magnets, and must be determined in every 
case by actual experiment. 

Final Calculation of the Results. 

By the observations of deflection we have — = A 
By the observations of vibration we havemX = B 
whence, X = \/-r 
and m = ^AB 

* Royal Society's Revised Instiactions^ pp. 24, 25. 
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Example. 

Woolwich^ August 12, 1843. 
. 1. Magnetometer removed (its copper box not being detachable), and 
Portable Declinometer No. 8 placed on the same stand, in order that 
the magnets suspended during the experiments of deflection and vibration 
might be subjected to the same amount of local attraction ; the sides of 
the instrument inclined to the magnetic meridian, in order that the light 
passing from the front aperture to the mirror [might not be intercepted 
during the suspension of the cylindrical weights. The line of detorsion 
of the suspension thread adjusted approximately by means of the 
plummet; magnet A 23 and the weights marked 5 and 5' suspended ; 
mirror adjusted in azimuth, so that its normal should pass nearly 
through the centre of the front aperture, clear of the suspended weights ; 
sides of the box closed, and the magnet quieted. 

2. Theodolite and stand placed at a distance of about three feet from 
the instrument, in the direction of the normal of the mirror as (ascertained 
by holding a candle in the hand and observing its position when the 
direct and reflected images were in the same line) ; the height of the 
stand adjusted, so that the divisions of the scale were reflected into 
the field of the telescope;* the legs fixed, and the radius of the scale or 
its distance from the centre of the Declinometer box measured approxi- 
mately and found to be 38 ' 5 inches. 

* This adjustment of the telescope and scale will generally be found more con- 
venient than the adjustment of the inclination of the mirror. 
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Experiments of Vibration. 

Royal Military Repository, Woolwich^ August 12, 1843. 

Lat. 51° 28' 00" N., Long. 0»» 40» 00* W. of Gbttingen. 
Magnet A 23. Weights (5 and 50. K' «» (^ /> + r>) p ; its log = 0-8019562 
ioehet. feet. inches. feet 

/- 3-004 » 0-2503; 2p^ 402-8 grains; r ^ 0-1575 » 0*01312 

Chron. (Breg. 3194). Fast of Woolwich mean time 0>* 10" 32* ; rate + 9-5. 



Timet ( 
of 
ObeenraUon. 


Means of 

)bid. Timet (a) 

and 

Intermediate 

ObBerrationi. 


Differencet. 


Number 

or 

Vibrations. 


Time of 

one 
Vibration. 


Temp, of 
Vibrating 
Magnet. 


Bifilar. 


Readings at 
extremes of 

Vibration 
and 

Semi-diffa. 


Readings. 


Temp. 


M. 8. 

39 51-0 

40 06-0 

— 20-5 

— 35-0 

— 49-5 

41 04*5 

— 190 


H. K. S. 

»6 40 35- la 
43 00-5 
47 51-5 
54 10-0 

7 00 13-5 

05 05-0 
10 54-5 

. 16 58-5fl 


8. 

145-4 
291-0 
378-5 

363-5 

291-5 

349-5 
364-0 


20 
40 
52 

50 

40 

48 
50 


8. 

7-270 
7-275 
7-279 

7-270 

7-287 

7-281 
7-280 


o 
61-5 

61-8 


147-0 
148-9 

150-0 


o 

61-3 
61-6 

61-7 


170-3 
189-9 


19-6 


9-8- 


177-3 
182-7 


245-5 


16 15-0 

— 29-5 

— 44-0 
-- 58-5 

17 13-0 

— 27-5 
-.420 


5-4 


409-5 


2-7 


DifF. and) 
Sums 


36 23-4 


= 2183-4 


300 


7-278 


1-3 


25-9 


1-6 








Me 

Stfl 

Dii 


an<f - • 




61-5 
63-5 


148-6 
143-4 


61-5 
63-3 




indard Re 
fferences 


adings • 






-2-0 


+ 5-2 


-1-8 



AX 



1 +5. = + 1-00473 
If 



= +( 5-2 - 1-8 1"^ * = + 3-85 X -000200 « + 0-00077 



= + 2-0 X -00015 = + 0-00030 
f)j=: 1-00580 



■+?*¥-(' 
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Experiments of Vibration with Weights. 

CALCUukTiON of the Corrections for torsion, rate, and arc, and of the moment of 
inertia of the Magnet and Stirrup. 
Obsbrvations. 

Calculation of the Angular Value of 
the Scale and of the Coefficient of 
Torsion. 

inches. 
/= 0-05 log « 8-69897 

2 r = 77-00 ar co log « 8-11351 

3437*75 log = 3-53627 



Torsion Circle. 


Scale. 1 


Readings. 


Differences. 


Readings. 


Differences. 


o 


o 






90 




180 '0 






90 




10-4 







190-4 






180 




23-5 


180 




166-9 






90 




11-6 


90 




178-5 






360 




45-5 



11^ = 90 =: 5400'*0 

u =» 25-4 

to — « =s 5374-6 



11-4 



:2'-23 



log ^ 0-34875 



log: 
log. 



1-05690 



1-40565 
log = 3-73035 



= 0-00473 log = 3-67530 



Calculation of gpgj, 



86400 
r=+9-5 



arcolog = 5-06349 
log = 0-97772 



86400 



«+0-000, 110,0 log = 6-04121 



and of 



Te"' 



(•000072722)« log = 1-72333 
., . . ,a» log -0-69750 



Sen,Uifli.{9:8 1»|:«: 



99123 
43136 



0-000,110,7 



T . 



2183-4 
300 



1 - 



!L!L ^ 0-9998893 

86400 l& 



. . log = 3-3391333 
arcolog = 7-5228787 

log = 9-9999519 





0-8619639 
2 


Oy^ 1-00580 


1-7239278 
log = 0-0025116 


T* « 53-26471 


log = 1-7264394 


T« = 13-80552 


log= 1-1400472 



, . H . AX ,. 



T/« - l« = 39-.45919 ar co log = 8-4038518 

K' « (i /« + r«) p log = 0-8019562 

*" = 3- 14159* log = 0-9942997 

(Constant) «^ K log » 1-3401549 

* The suspension-thread had been formed of several strong fibres, in order that 
no loss of time might be incurred by its breaking ; the force of torsion was much 
larger than if a thread of only the necessary degree of strength had been used. 
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EXPEEIMBNTS OF ViBRATION. 

Royal MUiiary Reponiory, WooMeK Atsguii 12, 1843. 
Lat. 51° 28^* 00" N^ Long. h. 40 ic. 00 t. W. of Gottingen. 
Magnet A. 23 suspended without weights. 
Chron. (Brag. 3194) Fast of Woolwich mean time 0& 10k.32*5s.; ra;te+9-5. 



Times 

of 

Obiervation. 


Means of 

Observed Times 

and 

Intermediate 

Obserrations. 


Differences. 


Namber 

of 
Vibrations. 


Tine of 

one 
Vibration. 


Temp, of 

Vibrating 
Magnet. 


Bifllar. 


extremes of 
Vibration 

and 
Semi-diffs. 


Readings. 


Temp. 


K. 8. 

50 01-5 
16-5 
31-5^ 
46-0 

51 01-0 
16-0 
30-5 


H. K. S. 

> 7 50 46-1 

53 14-5 

56 57'0 

, 8 00 40-0 

3 08-5 

6 14-5 

► 9 19*7 


8. 

148-4 
222-5 
223-0 

148-5 

186-0 
185-2 

• 


40 
60 
60 
40 

50 
50 


S. 

3-710 
3-708 
3-717 

3-712 

3-720 
3-704 


o 

61*0 
61*0 


138-0 

133-5 
133-7 

133-3 


o 

61-6 
61*4 


191-0 
217-0 


26-0 


13-0 


196-7 
208-4 


323-0 


8 35 
50-0 

9 05-0 
20-0 
34-5 
49-5 

10 04-0 


138-0 




11-7 


5-8 


Difference) 
and Sums/ 


18 33-6 = 


= 1113-6 


300 




2-0 


18-5 


1-0 








Standai 


Mean 
■d reading 


8 • . 
8 • . 


61-0 
63-5 


134-6 
143-4 


61-5 
63-3 






Differences . 


-2-5 


-8-8 


-1'8 





AX 
X 



Corrections, 

1+-S - + 1-003809 



S-- A.8 + l-8|)*«-. 10-15 X -000200 « - 0-002030)^ 
-. (*/ - « = + 2-5 X 0-000150 = +0-000375 



, . H , A X ,, 



1-002154 
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EzPBRiicsNTs OP Vibration. 

OBtSBTATIOHl. 



Torsion Circle. 


Seale. | 


Readinga. 


Diffe. 


RMdlagt. 


DiA- 

r«no6t. 




90 

180 


90 


o 

90 

90 

180 

90 


212*0 
202-7 
194 
212-3 
202-7 


9*3 

8-7 

18-3 

9-6 


Sams 


450 




45-9 



Caloulation of the Ang^ar Value of the 
Scale and of the Coefficient of Torsion. 



3437'- 75 



log- 

ar CO log s 

log — 



(Fromp.39)a«2'*23 log- 0-34875 



OO"" « 5400'-0 9-18 
•f- 20*5 . . 



t0-.»a 6379-5 



For the value of 



log - 0-96284 
bg« 1-31159 
log -3-73074 



J - -003809 log = 7-58085 



86400 

86400 arcolog- 5-06349 
r = +9-5 log :^ 0-97772 

gg^= 0-000,110,0 log -6-04121 



">'^' 



(-000072^22)' log- 1-72333 
a* logs 0-69750 
jl3-0 log- 1-11394 
t 5-8 log - 0-76343 



Semi-diA. 



— = 0-000,002,0 log-4' 

0-000,112,0 ■■ 

1113-6 log - 3-0467292 

"300" ar oolog -» 7-5228787 



1-: 



86400 



T'- 
16 



0-999888 log « 9-9999513 



1 + 5 + -^-(''-0?= 1-002154 

T« 

A »» 



0-5695592 
2 

1-1391184 
> 0-0009345 



log' 

logs 1-1400529. 

1 + ^^-^ = 1-01136 ar colog s 9-9960942 

, .« ,. . «*K log- 1-3401549 

l+2e (/'-O s 14..0000136 X 0«-0 = 0-000,000,0 log = 0-0000000 

^0-1951962 

9-0644853 



mXlogi 
m 

X '^» = 



X 



X" log - 1-1307109 

3-6758 log = 0-5653554 

»i» log - 9 2596815 
w= 0-4264 log- 9-6298407 
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OBSERVATIONS OF ABSOLUTE INTENSITY WITH THE 
PORTABLE DECLINOMETER. 

Experiments of Deflection.* 

1. Level the instrument so that the magnet may hang in the centre 
of the box, and the opposite supports of the deflecting magnets be in 
the same horizontal plane. Adjust the line of detorsion approximately, 
suspend the collimator magnetf, and insert the copper damper. Fix 
the deflecting bar supports (by estimation) in the line perpendicular 
to the magnetic meridian. 

2. Fix the theodolite, and (if not already in adjustment) bring the 
vertical wire of the telescope to coincide with the centre division of the 
scale. The exact levelling of the theodolite may be dispensed with when 
the angular value of the scale has been before determined with the 
necessary degree of accuracy. 

3. Place the spare collimator magnet on one of the deflecting bar 
supports, at the nearest distance at which the amount of the angle of 
deflection can be ascertained by means of the scale on the suspended 
magnet. Note the reading of the scale, the temperature of the de- 
flecting magnet, and (if the instruments are in adjustment) the readings 
of the declination and bifilar magnetometers. 

4. Reverse the deflecting magnet, keeping its centre at the same dis- 
tance, and read off again. Repeat the reversals, so as to obtain four 
readings of the scale, and two (or if the declination magnetometer has 
been observed, three) partial results; if the difference between the 
partial results exceeds one-tenth of a division, continue the observations 
until a sufficient number are obtained to give a correct mean result. 

5. Place the magnet at a second distance, one-third greater than the 
first, or if the graduated support is not of sufficient length, place it as 
near the extreme end as possible, and repeat the observations, with the 
north end, as before, alternately east and west. 

* The experiments of deflection with Weber's Transportable Magnetometer, are 
to be made and calculated in a similar manner if used as a portable instrument 
with its reading telescope attached ; if used within an observatory with a detached 
telescope and scale, the observations are to be made and calculated according to the 
instructions in p. 83. 

t If the lengths of the two magnets are in the proportion of 1*224 to 1, the 
shorter magnet is to be suspeuded (provided its 8c<ile is clear, and in g^ood focus), 
and the longer employed as a deflecting bar ; if the magnets are of the same length, 
the magnet which has the clearest aud longest scale should be the one suspended. 
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6. Repeat the observations at a third distance intermediate between 
the two former, if the time required can be conveniently spared. 

1. Place the magnet at the same distances on the opposite support, 
and observe as before, reversing the order of the distances, beginning 
with the last and ending with the first, so that the mean results may 
correspond nearly to the same time of observation.* 

8. Determine (if not already known) the coefficient of torsion, and the 
angular value of the scale. 

The example given subsequently will show the form in which the 
observations should be entered and the mean partial results deduced* 
The angles of deflection are obtained by multiplying half the mean of 
those results by the angular value of one scale division corrected for 
torsion. 

Calctdation. — The ratio of the magnetic moment of the deflecting 
magnet to the horizontal intensity is to be calculated in every case from 
the observations at each distance taken separately ; if — 

m = the magnetic moment of the deflecting magnet ; 

X = the horizontal intensity ; 

r = the distance between the centres of the deflecting 

and suspended magnets expressed in feet and 

decimals of a foot ; 
u = the corresponding angle of deflection ; 

- = J r* tan M ; 



or, more accurately, 
m 
X= 2 



^"-"(.-Tl) 



The first of these formulae may be employed in all cases in which 
the distance at which the deflecting magnet is placed is not less than 
four times its length, and the lengths of the two magnets are in the pro- 
portion of 1 • 224 to 1 ; in other cases the second formula is to be em- 
ployed, the value of the constant coefficient P being determined before- 
hand from several series of observations at two distances, calculated 
according to the formula, 

_ r* 7^ J tan vf — r* r^ tan u 
r^* tan m' — r* tan w 

* The corrections for changes of temperature and intensity will be compensated 
in most cases by this system of observation, and the angles of deflection made to 
correspond to the same values. 



Digitized byVjOOQlC 



62 



EXPBRIMBNTB OF VlBRATION. 

Remove the copper damper, and suspend the deflectmg magnet, 
weighting one of its ends, if necessary, so as to bring it into the hori- 
zontal position.* Observe the time of vibration of the magnet without^ 
and when necessary, with the cylindrical weights, according to the 
instructions given in p. 52 ; noting the readings of the scale at the 
extremes of the arc of vibration, the temperature of the magnet, and 
(if the instrument is in adjustment) the readings of the bifilar magnet- 
ometer; and determining the value or values of the coefficient of 
torsion. The corrected times of vibration, the moment of inertia of 
the suspended magnet and stirrup, the value of m X and the absolute 
values of m and X are to be calculated according to the formulee given 
in pp. 52, 53, and 54. 

* The magnet must be suspended with its axis parallel to the horizon ; if a 
weight is required at one of its ends, it will be convenient to use a brass ring fitting 
closely to the magnet, but capable of being moved nearer to or further from th». 
centre ; as the moment of inertia depends upon the weight and form of the whole 
suspended mass, it will be necessary to repeat the observations with weights if the 
ring is changed, or if its distance from the centre is altered to any considerable extent. 
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Example. 



Woolwich, July 2Sth and 26th^ 1843. 



Portable Declinometer (No. 17) and Theodolite placed on the same 
stand, resting on platform B within the instrument-room ; base of the 
declinometer levelled, so that the thread hung fairly in the centre of the 
tube ; line of detorsion adjusted approximately, and a 3* 16 inch magnet 
(C 16) suspended ; top of the stand and telescope moved in azimuth 
until the divisions of the scale on either side of the centre were seen 
with equal distinctness ; the top of the stand clamped very firmly, and the 
deflecting bar supports fixed in the line perpendicular to the magnetic 
meridian. Base of the theodolite more exactly levelled, and the follow- 
ing observations taken to determine the angular value of the scale and 
the coefficient of torsion ; during the first series, the magnet was locked, 
or rendered immoveable, and the telescope moved in azimuth across 
different divisions of the scale. 

Observations to Determine the Co- 
efficient of Torsion, 



Observations to Determine the Angular 


Value of the Scale, 




Horizontal Cirele. 


Scale; 


Angular 
Value of 


Baadings. 


Diflfer- 
eocea. 


Read- 
ings. 


Differ- 
eoces. 


One 
Division. 


o r ff 


r 






/ 


239 02 30 




33-0 


■ 






300*0 




107-9 


2-780 


234 02 30 




140-9 








257-5 




92*6 


2-781 


238 20 00 




48-3 








242*0 




87-0 


2-782 


234 18 00 




135-3 






233 32 00 




151-8 








281-5 




101 -1 


2-784 


238 13 30 




50-7 






238 13 30 




50-8 








228-0 




82-0 


2-781 


234 25 30 




132-8 






233 47 00 




146-3 








345-0 




123-9 


2-784 


239 32 00 




22-4 








358-5 




128-8 


2-783 


233 33 30 




151-2 








236-5 




85-0 


2-782 


237 30 00 




66-2 








262-0 




94-0 


2-787 


233 08 00 




160-2 






Sums 


25U-0 


'902-3 





a =: . 



2511-0 log = 3*3998467 
902*3 log = 2*9553510 
27829 log = 0-4444957 



Torsion Circle. 


Scale. 1 


Read- 


Differ- 


Read- 


Differ- 


ings. 


ences. 


ings. 


ences. 


o 









60 




86-5 






90 




7-1 


150 




93-6 






180 




14*6 


330 




79-0 






90 




7-7 


60 




86-7 





360 



29-4 



W = 90'»=5400'*0 7-35 log = 0-86629 

loga = 0-44450 

M= 20-5 .... log = 1-31079 

5379*5.... log =3*73074 

^ = • 003802 log = 7 • 58005 
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Experiments of Deflection. 

Royal Military Repository, fFoolwich, July 25th, 1843. 

« ' '^ H. M. 8. 

Lat. 51 28 30 Long. 40 00 W. of G^ttingen. 

Coll. Magnet G 9 Deflecting, C 16 Suspended, Lengths 3-85 and 3* 16 Inches. 

Observer Bomb. S. Hendlet, R.A. 



1 

eg 


-6 


r s 9-25 feet. 




r^s 2-35 feet. 




Temp. 


1 Readings. 


Means of 1 and I 
and 2 and 4. 


Diifs. 


Temp. 


Readings. 


Means of land 3 
and 2 and 4. 


Diffs. 






w. 


o / 
57 9 


158«9 


(18h. 35 m.) 




/ 
59 


148-4 


(iyfl.00M.) 






i 


£. 




13-3 


158*3 


145-0 




22-1 


148-2 


126-1 




^ 


W. 




157-8 


13-5 


144-3 




148-1 


21-9 


126-2 






E. 


58 8 


13-8 


(18 H. 54 m.) 
(18h. 44m0 




59 


21-8 


(19h.20m.) 
(19 H. 10 m.) 






144-65 


126-15 






W. 


59 2 


13-2 


(20 H. 35 m.) 




59 2 


22-4 


(20 H. 10m.) 






i 


E. 




157-5 


13-3 


144-2 




149-3 


22-5 


126- 




W. 




13-4 


157-6 


144-2 




22-6 


149-5 


126-9 






E. 


59 8 


157'8 


(20 H, 50 m.) 
(20 H. 42 m.) 




59 2 


149-7 


(20 H. 30 m.) 
(20 H. 20 m.) 






144-20 


126.85 












(19 H. 43 m.) 


144.42 






(19 H. 45 m.) 


126-50 





144*42 



» 72-21 log = 1*85860 



126-50 



^ 63-25 log := 1-80106 



a= 2'-7829 log = 0-44450 

1+5^ 1-00380 log = 0-00165 
F 



tt» 201'- 7 log 
r= 2-25 log 



2-30475 

■• 0-35218 
3 



1-05654 
ti « 3° 21'- 7 log tan = 8-76893 

2 arc© log= 9-69897 

^= 0-3345 log « 9-52444 

OTXlog = 0-66254 

2)1-13810 

^ X = 3-7072 log =- 0-56905 



a ^2 -7829 log » 0*44450 

1 4. 5_ == 1-00380 log « 0-00165 

«= 176^-7 log = 2-24721 

/= 2-35 log = 0-37107 
^ 

M1321 
u = 2« 56'- 7 log tan = 8- 71134 

2 ar CO log = 9-69897 

^ = 0-3338 log 9-52352 

0-66254 

2) 1-13902 

X = 3-7112 log = 0-56951 



The results of a third series observed at the distance of 2- 45 feet were :— 



Y =0-3337,X = 3-7119. 
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Experiments of Vibration. 

On the completion of the experiments of deflection, magnet C 16 
was removed, the deflecting magnet C 9 suspended, and its time of 
vibration observed with and without the cylindrical weights. The 
details of these experiments are omitted, the observations having been 
made in the same manner with those of the preceding example ; the 
observations to determine the coefficients of torsion were taken at the 
close of each, series of vibrations. 



Abstract, 





Observed 

Time of 

Vibration 

C.9. 


No. of 
Vibra- 
tions. 


Rate 
(3194.) 


Temperature. 


Serai-Arcs. 


Vahies 
of 
H 

F 


Bifilar Magnet- 
ometer. 


Value 

of 

Am 

m 


During 
Vibra- 
tions. 


During 
Deflec- 
tions. 


Diffs. 
f-t. 


Initial. 


Ter- 
minal. 


Read 
Ings. 


Temp. 


AX 
X 


With weight. I 
16 and 16' .f 

Withoafc weights. 


s. 

9-0936 

5-8833 


250 
300 


t. 


o 
61-3 

63-7 


o 
59-2 


o 
-I-2-1 

+4-6 


Sc. dlv. 
20-7 

24-1 


Sc. div. 
5-6 

12-0 


•00347 
•00252 








« 



Calculation. 

T'^={9«0936XO--000I100-*0000033)}«x{l+'00347-2-lX -000150} = 

= (9«0936x0-999887)»xl-00.316 - 82-937; 
T«={5-8833X(1--0001100--0000070)}«X{H-00252-4'5X-000150}= 



= (5-8833x0-999883)»xl'00184 =34-661 . . . log=l 
T'»^T« = 48 • 276 ar CO log«8 < 

:'»(i? + r«);i=(^^—^+0-01679«)x 405-8 log=l' 

<r«log=0< 



^K =*J»K'; 



T« 



1 4-2«(/'-0=l+-0000136xO-0 = 0-0 



ar CO logT*=8' 
ar CO log= 
.... log=0 



•53984 
31627 

35197 
•99430 

20238 
46016 

00000 




mX lug=0 

I log=9 

X« log=l- 

X=3-7101 log=0-56938 

tnMog=rO* 18631 

m=l-2392 log=0-09315 



* The value of 



Am 



had not been determined. 
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SMALL INSTRUMENTS FOR A FIXED 
MAGNETICAL OBSERVATORY. 



The differences in the construction of the instruments for a fixed or for 
a portable observatory, arise from the necessity in the one case of haying 
the reading telescopes fixed permanently on detached pillars, whilst in 
the other they are attached to the bases of the instruments, in order to 
obtain the requisite degree of portability ; the number of the differential 
instruments, and the principles on which they are adjusted are the 
same in both cases. 

UNIFILAR MAGNETOMETER.* 

1. Rectangular copper box 3]^ inches in length, 2 broad, and 1^ 
deep (interior dimensions), with moveable wooden sides ; one end, or one 
side, fitted with a glazed aperture closed with parallel glass. 

2. Wooden block of this form | — ' I to be placed in the 
interior of the copper box, in order to diminish the extent of open space 
below the magnet. 

3. Glass suspension tube 12 inches in length and -Arths in diameter. 

4. Torsion circle, upper and lower suspension pins, 3 inch magnet 
and stirrup of the same construction and dimensions as those of the 
portable declination magnetometer. 

5. Additional stirrup, the mirror capable of being moved in azimuth. 

6. Spare and deflecting magnets, 3*00, and 3*67 inches in length. 

7. Deflecting bar supports, graduated with great exactness in feet and 
decimals of a foot, from 0* 8 to 2 feet. 

8. Stone block or slab having a shallow groove sunk across its 
centre to receive the bottom of the copper box, and below this, in a 
direction at right angles to it, a second groove of sufficient depth and 
breadth to allow the bar of the deflection supports to rest within it, and 
traverse through an angle of 40° ; the bar is secured by means of a 
capstan head screw pivot, which passes through its centre, and screws 
into a socket fixed in the centre of the slab underneath the centre of 
suspension. 

* The apparatus for experinaents of deflection may be dispensed with, and the 
Magnetometer constructed only for observations of declination, if the observatory is 
provided with a separate Theodolite or Portable Unifilar Magnetometer ; but as the 
observations of deflection may be made as often as required without interfering 
with the regular series of observations, and require less time than the obser> 
vations with the other instruments, it will usually be more convenient ta 
retain it. 
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9. Bell glasd or outer case to be placed over the copper box and 
suspension apparatus, having a piece of parallel glass let in to one of its 
sides opposite the aperture in the copper box, with a detached plate of 
glass to be placed between the bottom of the box and bar of the de- 
flection supports in order to complete the enclosure. 

10. Reading telescope to be fixed to a stone pillar or other firm sup- 
port, with a rack-work motion of adjustment, and an elevating screw, to 
give a small range of vertical motion. 

11. Paper scales, 40 inches in length, divided to 50ths of an inch, 
mounted on a stout bar of wood,* to be fixed to the front of the pedestal, 
underneath the object glass of the telescope. 

12. Spare paper scale, not mounted, t 

13. Wooden box with spare glass tube, torsion circle, and suspension 
apparatus, to be used as a spare Declination Magnetometer and Vibra- 
tion Apparatus. 

14. Cylindrical weights 1^ inches in length, and A^hs in diameter, 
to be used in determining the moment of inertia of the vibrating magnet. 

UNIFILAR MAGNETOMETER. 
Plan. 





* The wood should be of the kind least liable to warp or vary in length from 
hygprometric changes. 

f The mounted scales are divided after being attached to the wood ; if the 
spare scales are required, they should be attached with sealing wax varnish, (seal- 
ing wax diBsolved in spirits of wine) and the length re-measured or verified by 
comparison with a standard yard. ^ 

E 2 
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Front Section. 
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II.— BIFILAR MAGNETOMETER. 



1. Stout wooden box, with moveable sides to be attached by screws ; 
the dimensions of the interior 3^^ inches in length, one inch broad and If 
deep : — the sides constructed with panels, so that the breadth may be 
increased during the adjustment to 3^^ inches ; one of the panels fitted 
with parallel glass, the other solid. 

2. Glass suspension tube, 12 inches in length and i^Tj-ths outside 
diameter, carrying a torsion circle divided to 5' at its upper extremity. 

3. Single and bifilar suspension apparatus, hollow cylindrical magnet, 
and stirrup with azimuthal motion, of the same construction and di- 
mensions as those of the corresponding portable instrument. 

4. Thermometer enclosed in a glass case, passing through and attached 
to the top of the box, the bulb partially exposed within. 

5. Copper case or damper fitting within the wooden box, to be inserted, 
if necessary, after the completion of the adjustment. 

6. Bell glass or outer case with a piece of parallel glass let into one of 
its sides in the direction of the line of coUimation of the telescope. 

7. Reading telescope, carrying a glass scale 4 inches in length, 
divided to hundredths of an inch, or a paper scale 8 or 12 inches in 
length, divided to fiftieths. 

8. Small spirit level to be used in adjusting the level of the torsion 
circle. 
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III.— INDUCTION INCLINOMETER. 

The Induction Inclinometer is to be constructed in the same manner, 
whether required for a fixed or for a portable observatory ; the portable 
telescope and scale are required for the adjustment of the instrument, 
but must be removed after its completion, and the observations made 
by means of a detached telescope and scale similar to those of the Bifilar 
Magnetometer. The instrument should be enclosed in a bell glass or 
outer case, of sufficient size to include the iron bar or bars. 



The Unifilar and Bifilar Magnetometers and the Induction Incli- 
nometer furnish the means of observing the variations of the three ele- 
ments of declination, horizontal intensity, and inclination, and constitute 
the permanent equipment of a magnetic observatory; the additional 
instruments required to complete the absolute determinations of the 
same elements, are, 

1. The Portable Declinometer, with a Theodolite or Azimuthal 

Transit ; or, the Theodolite Magnetometer. 

2. The Inclinometer or Dip Circle. 

3. A spare apparatus for experiments of vibration. 

The Portable Declinometer may be employed for the experiments of 
vibration, but an independent apparatus will be more convenient,- and 
will be of great use as a spare Declination Magnetometer capable of being 
observed simultaneously during the experiments of deflection, or em- 
ployed in occasional experiments. 



CONSTRUCTION OF THE OBSERVATORY AND DISPOSITION OF 
THE INSTRUMENTS. 

The observatory should be constructed so as to retain as uniform a 
temperature as possible, and should be of sufficient dimensions to contain 
the dip circle and vibration apparatus in addition to the three differen- 
tial instruments ; the walls should contain no iron whatever, or so small 
a quantity as to be inappreciable at a distance of one or two feet. 

The space required will depend on the relative positions of the magnets 
and the ratio of their magnetic moments to the absolute horizontal inten- 
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Bity : — a room, 18 feet by 12, or (in preference) 16 by 14, will generally 
contain all the space absolutely necessary, the instruments being ar 
ranged as in the annexed diagram. 

N 




A. Declination Magnetometer. 

B. Bifilai Magnetometer. 
G. Induction Inclinometer. 
D. Dip Circle. 

V. Vibration Apparatut. 
A i, Bt,&c. Reading Telescopes. 

The distances A V, AC, C V, amount respectively to 15, 14, and 13 
feet, and will usually be sufficient to render the mutual actions of the 
magnets inappreciable, in reference to the observed variations ; the action 
of the Bifilar Magnet may cause a small change in the directions of the 
magnets at A, V, and C, but will have no appreciable effect on their 
directive forces^ and no constant corrections will be required as long as 
the same magnets are suspended in the different instruments.* 

* If the removal of the deflecting bar, or other magnet, suspended in the spare 
apparatus at V, is found to produce an appreciable change in the readings of the 
Bifilar Magnetometer, the instrument should he observed at short intervals (1^ or 
2 minutes) with the magnet placed alternately within the apparatus (in the same 
position as when suspended), and removed to a distance ; the mean difference of 
the readings maybe considered as a constant correction, to be added to, or subtracted 
from, all the bifilar observations made during the absence of the magnet of the 
spare apparatus. If the movements of the deflecting bar during experiments of 
deflection produce also an appreciable effect, the readings of the Bifilar Mag- 
netometer must be taken during the iniervait of those observations, with the de- 
flecting bar placed temporarily in a vertical position, or removed to a distance, and 
not at simultaneous observations. These effects are inconvenient, and lead often to 
error, and should be avoided, if possible, or rendered inappreciable, by increasing 
the dimensions of the observatory. 
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A. larger room will be required, if the walls contain any considerable 
quantity of iron, and is desirable in all cases in order to avoid the appli- 
cation of corrections ; on the other hand, if the walls contain no iron 
\vhateyer, and the observations of dip and vibration are to be made in 
the open air or in a separate building, the dimensions of the observatory 
need not necessarily exceed 12 or even 10 feet square. 

The reading telescopes should be fixed on stone pillars placed near 
each other, so as to be read off conveniently by one observer ; the pillars 
on which the telescopes of the Declination Magnetometer and Induc- 
tion Inclinometer are to be fixed should be placed at equal distances 
from their respective instruments, or at the proportional distances re- 
quired in order to make the angular values of the two scales exactly 
equal.* The stand of the bifilar telescope may be placed in any posi- 
tion convenient for general observation, provided its distance from the 
Magnetometer is as great (or nearly so) as the power of the telescope 
will allow. The stand of the declination telescope should be somewhat 
higher than that of its Magnetometer ; the stands of the other two instru- 
ments and of their telescopes should be nearly on the same level, whiU 
the relative heights of all should be adjusted so that the centres of the 
suspended magnets may be very nearly in the same horizontal plane. 
The fixity of the Magnetometer stands is not so absolutely essential as 
the fixity of thos« which support the reading telescopes and scales ; it is 
desirable, however, that they should also be placed on very firm sup- 
ports. The stands of the vibration apparatus and dip circle may be 
made either of stone or of wood. 

The dip circle may be placed at D, or any other spot in which the 
direction of the needle is found not to be appreciably affected by the 
action of the other magnets, and where it produces no sensible effect in 
return ; or if no such position can be found, it may be placed on the 
stand y, and one of the two magnets removed when the other is observed, 
the action of the bifilar magnet, being exerted in a direction perpendi- 
cular to the meridian, will be counteracted by the supports. 

The observations of absolute declination should be made in the open 
air, or in a separate building, as an opening in the roof of the observatory 
would interfere with its uniformity of temperature. A small building 
8 or 10 feet by 6, may be constructed so as to contain an azimuthal transit 
or a transit and theodolite, and a portable declinometg*; the declinometer 

* The radius to a scale of fiftieths) for aa angular value of half a minute or 30'', 
is equal to 68 ^4^ laches; this value will be found very convenient for the reduction 
of the observations : an angular value of one minute would be still more convenient, 
but would not allow of sufficient accuracy in the readings. 
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and theodolite would be useful for occasional experiments, and coulrf be 
employed on a magnetic survey when not required at the observatory. 



True raeridiao 




A. Transit. 



B. Theodolite. 



D. Declinometw. 



ADJUSTMENTS. 

As the determination of the periodical and secular variations of the 
magnetic elements forms the chief object of a fixed magnetic observatory, 
the adjustments of the differential instruments should not be altered or 
deranged except on the ground of absolute necessity ; and if the derange- 
ment is unavoidable, care should be taken to preserve the connexion 
of the observations made before, and the observations made after, the 
re-adjustment, by means of very accurate absolute determinations. 

Unifilar Magnetometer. 

1 . Place the stone slab and copper box on the top of the stand, the 
deflecting bar supports attached ; mark the height at which the horizontal 
plane passing through the centre of the mirror would intersect the stand 
of the telescope, and fix the scale in a direction exactly perpendicular to 
the line joining the centres of the two stands, as far below this mark 
as the centre of the telescope will be above it.* 

2. Raise the base of the instrument, and replace it on a bed of soft 
white lead cement, fixing it so that the centre of the face of the mirror 
may be at the distance of 68J-iinches, or other required radiusf from the 
face of the scale, and at the same time adjusting the level so that the 

^ The scale may be fixed by means of two sockets and screws, or by cementing 

it within a grove of this form | cut across the front of the pillar ; either method 

would prevent it frum being moved without a fracture of either the wood or the stone, 
t The time spent in fixing the instruments so as to obtain a convenient angular 
value will be soon repaid after the observations are commenced. 
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opposite supports of the deflecting bar may be in the same horizontal 
plane, and the centre of the suspended magnet hang vertically over the 
centre of the pivot, round which they transverse. Leave the instrument 
until the cement is set. 

3. Take out the torsion of the thread,* and suspend the magnet ; 
employing a light stirrup, or (if required on account of the position of 
the telescope) a stirrup with azimuthal motion. Raise or lower the mag- 
net until its centre is in the same horizontal plane with the centre of 
a deflecting bar placed on one of the supports. 

4. Fix the reading telescope on the top of the stand, so that the pro- 
longation of its axis may pass through the centre of the mirror, or so 
that the mirror may appear in the centre of the field ; if the distance is 
too small for its focus, the direction required may be obtained very readily 
by removing the object glass and eye piece, and converting the telescope 
into a plain tube. 

5. Adjust the azimuth and inclination of the mirror so as to reflect the 
central divisions of the scale into the field of view. Re- measure the 
distance from the face of the scale to the face of the mirror very accu- 
ratelyy and add two-thirds of the thickness of the mirrort (equal to 
0*067 inches), in order to obtain the true radius of the scale. Place the 
wooden block or damper within the box, and close the sides, coating 
the edges with grease or ointment. Fix the glass plate underneath the 
bottom of the box, place the bell glass or outer case over the whole 
apparatus (the parallel glass between the telescope and mirror), and 
coat the edges so as to render it air-tight and prevent the entry of insects. 

6. Determine the value of the coefficient of torsion by the mean of a 
considerable number of observations. The instrument is then in adjust- 
ment, and should not be touched (except for the experiments of deflec- 
tioni) until the required series of observations is completed. 

* The thread suspended in this instrument should be as fine as the weight of 
the magnet and stirrup will allow, on account of the large angles read off during 
the ezpeiiments of deflection. 

t Mr. Jones states that none of the mirrors hitherto made have varied so much 
as tlie hundredth of an inch in thickness. 

I The bar of the deflection supports should be moved carefully in azimuth during 
the experiments of deflection^ and the deflecting magnet should not be brought 
nearer to the instrument than the nearest distance required for the observations ; 
if these precautions are attended to, the experiments of deflection cannut interfere 
in any degree with the connexion of the regular series of observations. 
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BiFiLAR Magnetometer. 



The object of this instrument is to determine the Tariations of the 
horizontal intensity ; the magnet is suspended by two threads, or more 
accurately, by tWo portions of die same thread, separated at the lower 
extremity by being passed round a small grooved wheel, and haviDg 
the ends attached to the upper suspension apparatus. 

The principle of the adjustment, and the methods by which the 
ratio of the magnetic and torsion forces may be experimentally deter- 
mined, are shown in the following investigation : — 

N 




Let n s denote the position of the suspended magnet, N S the line of 

the magnetic meridian, and T T' the line of detorsion of the thread or 

the position which the suspended bar would assume if un-magnetic ; 

also let F denote the magnetic directive force exerted on the magnet 

tending to draw it into the magnetic meridian, G the force of torsion of 

the thread tending to draw the magnet into the line T T, R the resultant 

of these forces acting in the direction n s and retaining the magnet in 

its position of equilibrium, and u and v the angles which the directions 

N S, T T' of the component forces make with the direction of the 

resultant — 

then F : G : : sin o : sin ii 

- F sin t? 

and n — — — 

G smu 

or if the instrument is adjusted so that the angle u shall be equal to 90°, 

F 

^ = smtj; 
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the force O is a constant quantity depending upon the weight of the 
suspended mass, the length of the threads between the points of suspen- 
sion, and their interval apart, 

or G=Wy; 

consequently the yariations of the force F are connected with the varia- 
tions of the angle v, according to the formula 

aF 

-— =:coto A V, 

A V denoting the change of the angle v in parts of radius. 

The adjustment of the instrument consists in observing the times 
of vibration of the magnet (f, O ^1^^ suspended in the magnetic 
meridian by a single and double thread, calculating the angle v whose 

sine is equal to ^ — r^, and turning the torsion circle through an angle 

equal to (90"" + v), so as to bring the magnet into its required position 
of adjustment, perpendicular to the magnetic meridian. The observations 
of vibration should be repeated vrith the magnet in this position, in order 
to prove the correctness of the adjustment. 

The details of the adjustment and the preliminary calculations required 
are shown in the accompanying example ; the formulae for the calcula- 
tion of tiie angle v from the several observations of vibration are obtained 
as follows : — 

1. F:G+ F ::«'•:<•, 

r F 

and — _^_ = -=Bmi,. 

2. F:G-F::r*:<" 

r» F 

, =5 rr = sin v. 



r* + e G 

3. G+F:G-F::t^:<'» 
r" -i^ F 

•••7TT- = G = *^^"- 

4. FiRltsint;: cosv 
andF:R::f"» : «» 

The adjustment may be made if necessary in the following manner 
without the single suspension : — 

1. Suspend the magnet by a double thread, and bring it by estimation 



/GooqIc 



76 

into the line of the magnetic meridian, the north end to the south ; 
note the reading of the torsion circle, turn it through an angle equal to 
(90° —v)fV being the angle whose sine is equal to the ratio of the 
forces corresponding to the coefficient required, and turn the head of the 
screw cylinder (for the purpose of adjusting the interval of the threads) 
until the magnet takes up a position, as nearly as can be judged, at 
right angles to the magnetic meridian. 

2. Turn the torsion circle to its original reading, or until the magnet 
is again in the magnetic meridian, and observe the time of vibration of 
the magnet (r). 

3. Turn the circle 180% and repeat the observations of vibration ; 
calculate the time required by the formula 



#'— / I — sin V 



and, if the result diflfers from the observed value, alter the interval of the 
threads, and repeat the observations of vibration in the two positions, 
until the proportion of the observed values agrees sufficiently well with 
the proportion required for the coefficient. Calculate the amount of the 
angle v and the corresponding time of vibration in the transverse posi- 
tion by the formulae 

r' - t'» 



sm V = 



' + ^'«' 



V cost; 

4. Turn the circle through an angle equal to (90° + v) (employing 
the calculated value of v) ; and observe the time of vibration of the 
magnet, t'\ If the result agrees exactly with the value of <" calculated 
by the preceding formula, or if the difference between the calculated and 
observed values is too small to produce an appreciable error in the 
coefficient, the adjustment is complete ; if otherwise, the position of the 
line of detorsion must be re-adjusted by trials until the results agree 
within the bounds of instrumental error. 

The line of detorsion may be brought into the line of the magnetic 
meridian more conveniently by means of a second telescope : — fix the 
second telescope temporarily on the opposite side of the instrument, its 
line of coUimation coinciding with the line of collimation of the first,* 
and suspend a plumb line across the centre of the object glass, bring 
the magnet by estimation into the line of the magnetic meridian, its 

* This adjustment is effected by bringing both the telescopes to sidereal focus, 
directing the second telescope towards the object-glass of the one fixed, and 
moving it until its cross of wires coincides with the cross of wires of the other. 
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north end to the south, and adjust the azimuth of the mirror, so that 
the reflected image of the plumh line may coincide with the vertical 
wire; turn the circle 180^ in azimuth, and take a reading of the scale at- 
tached to the observing telescope, or if its divisions are not reflected into 
the field of view, note the division vertically above or below some object 
whose image is reflected on to the vertical wire : if this division is 
vertically or nearly so over the centre of the telescope, the line of 
detorsion is in the magnetic meridian ; if otherwise the circle must be 
moved through different small angles until the adjustment is effected. 

The variations of force are expressed in terms of the variations of the 
angle r, or changes of position of the magnet, by the formula 

AF 

— —• = cot t? A V : 
F 

substituting for At? its equivalent a (f^'-f)^ a denoting the arc value 
of one division of the scale in terms of radius, and if^—f) the differ- 
ence of any two scale readings, and making for abridgment 

k = acotVf 
the expression becomes 

aF 

^ = &(/'-/); 

or, the variations of directive force may be obtained by multiplying the 
differences of observed scale readings by a constant coeflScient k. 

The directive force is equal to the product of the horizontal intensity 
into the moment of free magnetism of the suspended magnet, conse- 
quently the observed variations thus obtained include the changes of 
both these quantities, and the changes of magnetic moment must be 
eliminated before the true variations of horizontal force can be obtained, 

since 



F 


=:»tX 




AF 
F 


X ^ 


Am 
m ' 


aX 
X 


AF 
~ F 


Am 
m 



and 

The values of — , or changes of the magnetic moment of the mag- 
m 

net caused by a permanent loss of magnetism must be determined by 
comparing the differences of horizontal force deduced from the Mag* 
netometer readings (corrected for changes of temperature) with the 
corresponding differences deduced from absolute determinations. The 
changes of magnetic moment produced by changes in the temperature 
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of the magnet are obtained by the fdnrmula, 

fit 

where q denotes the change of magnetic moment of the magnet for 1^ of 
Fahr. (to be determined experimentally in the manner subsequently 
pointed out,) and <' and t the observed and standard temperatures : the 
corrections for these changes may be applied either to the calculated 
differences of directive force according to the formula given above, or 
to the observed scale readings, or their mean values, according to the 
formula. 

The latter method is most convenient in practice, and maybe rendered 
additionally so by regulating the interval of the suspension threads so 
that the value of the coefficient k may become an exact multiple of the 
value of the coefficient q. 

The direction of the magnet should be adjusted with reference to 
the position of the telescope and scale, so that a movement of its north 
end towards the north may produce an increase of reading. If the 
magnet has been adjusted in accordance with this direction, increasing 
numbers denote increasing force ; if in the contrary manner, decreasing 
force ; a statement to one or the other effect must be given with every 
abstract of observations of the Bifilar Magnetometer, together with the 
value of the coefficient k and q. 

Example. Woolwich^ September lOtk and 12^A, 1843. 

1. September lOth.-^-Suspension tube attachedtand the instrument 
placed on its stand, resting on a bed of white lead cement ; the level of 
the torsion circle adjusted by means of a small ground glass spirit level 
placed across it in diffisrent directions, and the instrument retained in 
the required position for a sufficient length of time to allow the cement 
to set partially and prevent the level from changing. The sides of the box 
were fixed at right angles to the line joining the centres of the two stands, 
coinciding nearly in this case with the line of the magnetic meridian. 

2. September 12th. — Cement perfectly dry; level of the torsion 
circle examined and found correct. Magnet suspended by a single 
thread of one fibre, the torsion previously taken out. Telescope fixed 
with its axis in the line passing through the centre of the mirror, and 
the scale attached above it ; the distance from the face of the scale to 
the face of the mirror measured and found to be 49 * 29 inches. 

3. Azimuth and inclination of the mirror adjusted so as to reflect the 
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diviBions of the scale into the field of view ; the time of yibration ob- 
serTed, and the force of torsion determined ; 

1 1 4^ • Q 
t = i^^ = 3' 2810 seconds 
348 

TJ 

— = 0* 00020. Scale reading 510' 0. 

Paeliminart Calculations. 
1. To determine the angular value of the scale, and ascertain the 
required amount of the angle v, 

a = ~ X 343r* 15 x -0002909. 
2r 

^ 0-02 1 , 

: = :?H^log = 6-30662 



2r 2x49*36 4936 

343'7'-75 log = 3-53621 
•0002909 log = 6- 46313 

a = -0002026 log = 6*30662 
Required value of the coeflScient ^=0 • 000163 log = 6 • 21219 

Corresponding value of r = 51° 11' log cotan = 9*90551 

2. To ascertain the required amount of the time of vibration if. 



t'^-j^r^ 



smv 



fsinv 

1143-9 log = 3*05839 
348 ar CO log = 7*45842 

1 -f 86500"^^ *^^^^^''' ^""^ = 0*00001 



0-51688 
2 



1*03376 

1 + v = 1 '00020 log = 0-00009 
r 



log <" = 1-03385 

V = 51° ll'logsin = 9*89162 

1 + 8ini?= 1-7791557 ar co log = 9 • 74979 

2)0*67526 

«'= 2*176 log = 0-33763 

4, Magnet suspended by a double thread, formed of one strong fibre, 
(the mirror not touched in the slightest degree by hand, or allowed to come 



Digitized byVjOOQlC 



80 

in contact with the sides of the box) ; and the torsion circle turned until 
the magnet rested nearly in the magnetic meridian. The inclination of 
the mirror being found slightly altered by the change of suspension, (the 
scale divisions being reflected about half an inch below the Beld of view,) 
a bar with a fine edge was fixed vertically in front of the scale, opposite 
the zero division 510 *0, and the circle turned until the edge was reflected 
on to the vertical wire of the telescope ; the magnet was then accurately 
in the magnetic meridian, the relative azimuth of the magnet and mirror 
not having been altered since the observations with a single suspension. 
5. Time of vibration observed and found to be about 2*09 seconds; 
interval of the threads increased until after several trials,* the time of 
vibration agreed nearly with the time previously calculated ; the usual 
number of vibrations were then observed, and the time of one vibration 
found to be 

^t:^ = 21703. 
320 

Calculation of the angle v, and of the corresponding value of f' : 
sm t> = -r — -=. 
694-5 log = 2-84167 



320. • . ar co log = 7*49485 

0-33659 
2 

^z.— 4. 71174 log =0-67318 
(•=10-81040 



/• - ('•= 6 • 09866 log = • 78523 
t?=50°35'log sin = 9-88795 



'V cotv 



log(«= 1-03385 
logcott? = 9-91482 



2)1 11903 



("=3-627 log = 0-55951 

* The interval of the threads should have been adjusted approximately by the 
method shown in No. 1 paragraph, p. 75. 
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6. Torsion circle turned through an angle of 140° 35' (from 171° 30' 
to 30° 55') in the direction required to bring the north end of the magnet 
opposite the low numbers of the scale, so that an increase of force might 
produce an increase of reading. Inclination and azimuth of the mirror 
adjusted so as to bring the central divisions of the scale into the field of 
view, great care being taken not to bear on or stretch the suspension 
thread, or to allow the suspension pin to press against the sides of the 
tube.* 

7. Time of vibration observed and found equal to 

929-2 



250 



= 3*7168 seconds. 



The calculated and observed values differing very considerably the 
torsion circle was turned through different small angles and the observa- 
tions of vibration repeated. 



Torsion Circle. 


Times of Vibration. 


30° 55' 


3-717 


29° 55' 


3-757 


31° 55' 


3-674 


32° 55' 


3-638 



the time of vibration required (3 • 627) would have corresponded to a 
reading of the torsion circle of about 33° lO'.t 

* A former adjustment had been vitiated from this cause. 

f The differences between the observed and calculated values of /" may have 
been produced by either of the following causes : — 

1 . From the line of detorsion of the double thread not having been brought 
truly into the magnetic meridian previous to the observations of i'. 

2. From the interval or length of the threads having been altered at the time 
of the adjustment of the mirror. 

3. From an error of construction, the roller of the suspension pin having been 
made to turn easily, and allowing a side play which would cause it to be 
twisted in the direction of the line of detorsion when brought into the trans- 
verse position. 

As the error in the adjustment of the line of detorsion must have been too 
small to produce any considerable effect on the times of vibration, and the greatest 
care was taken to avoid altering the length or interval of the threads^ the last was ^ 
probably the principal or only cause of the discrepancy in the results. The effect 
produced by it would be to draw the magnet nearer to the line of detorsion, increasing 
the time of vibration^ and making it necessary to move back the circle, or diminish 
the angle v, in order to bring the magnet into its required position perpendicular to 
the meridian ; both these effects were produced in the present case, and the pro- 
bability of the other parts of the adjustment having been correct, is shown by the 
circumstance that the angle through which the torsion circle was turned, in order 
to bring the magnet into the required position perpendicular to the meridian, and 
make the time of vibration correspond with the required value, agreed almost ex- 
actly with the result of an adjustment made some time before with the same magnet 

F 
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Calculation of the Coefficient. 

^log= 1-03384 
t"* = 3-638» ar colog = 8-87827 

O + i^-Oo) -colog =9-99993 
loga = 6-30662 

Ar*= 0-0001654 log = 6*21866 

Increasing numbers denote increasing horizontal force. 



INDUCTION INCLINOMETER. 



The Induction Inclinometer is to be adjusted by means of its 
attached or portable telescope, and the values of the coefficients deter- 
mined according to the instructions already detailed (pp. 26 to 29). 
After the completion of the adjustment, the portable telescope is to be 
removed, the reading telescope fixed on its stand, and the scale attached 
above it at the distance required, in order that its angular value may be 
equal to the angular value of the declination scale. If the position of 
the stand requires it, the magnet may be suspended in a stirrup with 
azimuthal motion, its azimuth being adjusted in the first instance to the 
axis of the magnet (or with one iron bar to 90°), and afterwards into the 
line of the telescope. 

and the same suspension-piay the angles having been at the first adjustment 2^ 20' 
at the second about 2^ 15'. 

The greater number of the bifilar suspension-pins hitherto made, have been 
constructed in this manner, some more, some less open, and the errors of [adjust- 
ment arising from this source must be counterbalanced by turning the circle until 
the observed time of vibration agrees with the value calculated from the observa- 
tions of t and /' ; or the roller may be fixed before the adjustment, so as to pre- 
vent it from revolving or turning in any direction, care being taken that the 
threads have an even bearing. If the observed time of vibration is less than its 
calculated value, the error is due to some other cause, not to this, and in every case 
the adjustment should be gone over a second time in order to prove that the other 
parts of the adjustment have been made correctly. The rollers of recent construction 
have no side play. 

* The value of A? corresponding to (r=50o 35') is 0-0001665. 
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ABSOLUTE HORIZONTAL INTENSITY. 

Experiments of Deflection. 

The angles of deflection are to be measured by means of the scale of 
the Unifilar Magnetometer, and the deflecting and suspended magnets 
brought always at right angles to one another (according to the method 
of M. Lament), by moving the deflecting bar support in azimuth until the 
angle of deflection, or difference of scale readings, becomes a maximum ; 
as the support rests on the stone slab without touching ihe copper box, 
the steadiness of the suspended magnet will not be affected by the move- 
ment, nor will the length of the experiment be much increased.* The 
observations are to be made and the results calculated according to the 
instructions for experiments of deflection with the Portable Uni filar or 
Theodolite Magnetometers, which have been already detailed. The 
angles of deflection are to be deduced from the differences of scale 
readings by the formula 

tan 2 M = n tan 2 of I + pr) 

n denoting half the diflerence of scale readings with the magnet direct 
and reversed, a the angular value of one division at the centre of the 

scale, and f 1 + ~ J, the coefficient of torsion, t 

The changes of declination occurring during the continuance of the 
experiments, may be eliminated by observing the changes of position 
of a spare magnet suspended in the vibration apparatus. 

* The time required in order to obtain a maximum reading of the scale may be 
saved after the first experiments, by fixing a i^aduated arc divided to whole or half 
degrees, or a scale divided to tenths or twentieths of an inch, on the surface of the 
glass plate, immediately over the deflecting bar support. The lero division, or divi- 
sion vertically over the centre of the support, when in the line perpendicular to the 
meridian, should be determined from the mean of several observations of deflection • 
after which, if the angle of deflection to be produced is known within a few minutes 
of angle, or a quarter of a degree, the support may be adjusted to its required direc- 
tion by bringing its centre under the division of the scale corresponding to this 
angle. 

/ H\ 

f The coefficient | 1 + •— - J is to be omitted, if a Transportable Magnetometer 

with detached telescope and scale, is employed as the Unifilar Magnetometer. 
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Experiments of Vibration. 

The deflecting magnet is to be suspended in the vibration apparatus, 
its time of vibration observed, and the results calculated according to 
the instructions given, p. 52 to 54. The moment of inertia should be 
determined from the mean of several series of observations, and the 
accuracy of the result proved by employing a second set of weights, or 
suspending a glass or metal ring, according to the method employed by 
M. Lamont. 



OBSERVATIONS OF DIP, OR OF THE ABSOLUTE INCLINATION. 

The observations of the Dip Circle are to be made as follows :— 

1. Level the horizontal circle, bringing the level parallel in successiofi 
to each pair of foot screws ; place the horizontal needle on its pivot 
resting on the Y's above the agate planes, and adjust the instrument to 
the plane of the magnetic meridian. If not provided with a horizontal 
magnet, bring the plane of the circle into the direction perpendicular 
to the magnetic meridian, by turning the instrument on its axis until the 
dipping needle assumes a vertical position ; and move the verniers of the 
horizontal circle through an angle of 90°. 

2. Magnetize the dipping needle ; place it on the Y supports, lower 
it gradually on to the agate planes, (the face or marked side of the 
needle on the same side with the divided circle), and note the readings 
of the vertical circle at the two ends of the needle ; raise the axle off 
the agate planes, lower gradually and read off again, and continue the 
observations so as to obtain at least four readings at each end. ' 

3. Turn the instrument 180° in azimuth, and repeat the same series 
of observations. 

4. Reverse the needle on its axle, turning the face of the needle 
from the face of the instrument, and observe as before with the face of 
the instrument in opposite directions. 

5. Re-magnetize the needle, reversing its poles, and observe a second 
set of observations, revereing the face of the needle and turning the in- 
strument east and west, as in the former series. 

The inclination required will correspond to the mean of the eight 
observed results. The observations are made with the face of the circle 
and face of the needle in different directions, in. order to eliminate the 
error arising from the deviation of the line joining the zero points of the 
circle from the horizontal position, and the error arising from the devia- 
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tion of the magnetic axis from the axis of form ; the object of repeating 
the observations with the poles of the needles reversed is to eliminate the 
error arising from the non-coincidence of the centre of gravity with the 
centre of motion. 

It is desirable that a few series of observations should be made in 
diflferent azimuths, for the purpose of testing the axles of the needles 
and the limb of the instrument (which is often magnetic) ; if 17 denote 
the observed, inclination of the needle, 6 the inclination sought, a the 
azimuth of the vertical circle, 

tan 6 = tan i| cosec a. 

The true inclination may be inferred also from the observed inclina- 
tions of the needle in any two planes at right angles to one another 
without the knowledge of the angle a, according to the formula, 
,^ot".0 = cot* 17 + cot" 17'. J 

The difference between the mean of the results obtained by observa- 
tions in different azimuths and the result obtained by observations in 
the magnetic meridian, should be applied as a constant correction for 
the errors of axle and limb to all preceding or subsequent observations 
made in the meridian. 



PRELIMINARY ADJUSTMENT OF THK MIRRORS SUSPENDED IN 
THE PORTABLE UNIFILAR MAGNETOMETER, OR IN THE IN- 
DUCTION INCLINOMETER. 

The mirrors attached to the stirrups of the Portable Unifilar Mag- 
netometer and Induction Inclinometer require a preliminary adjustment 
in azimuth, in order that the positions of the deflecting bar during ex- 
periments of deflection, and the positions of the soft iron cylinders, may 
be adjusted by means of the scales on their respective telescopes. 

If the observer is provided with a stirrup capable of inversal, the ad- 
justment required may be made as follows : 

1. Place the instrument (the Portable Unifilar Magnetometer, or In- 
duction Inclinometer) in adjustment; levelling the base, suspending its 
own or a spare magnet within the inverting stirrup, bringing one of the 
central divisions of the scale to coincide with the vertical wire of the 
telescope, and'clamping the horizontal circle ; and note the reading of 
the scale. 

2. Invert the magnet and stirrup (keeping the cross bar on the lower 
suspension pin in the same position relative to the axis of the magnet), 
and take a second reading of the scale; the mean of the two readings 
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will denote the division of the scale corresponding to the magnetic 
axis of the magnet, provided the direction of the line of detorsion of the 
thread and the position of the telescope have remained the same. 

3. Remove the inverting stirrup, and suspend the magnet and stirrup 
which helong to the instrument, keeping the line of detorsion of the 
thread and the reading telescope in the same positions as before ; adjust 
the azimuth and the inclination of the mirror so as to reflect the zero 
division, or mean of the former readings, on to the vertical wire of the 
telescope, and into the middle of the field of view. The mirror is then 
in adjustment, and, provided its azimuth remains unchanged, the line 
of coUimation of the telescope may be brought into the magnetic meridian, 
or into the same vertical plane with the magnetic axis of the magnet, 
by bringing the centre division of the scale, or the division vertically 
over the axis of the telescope, to coincide with the vertical wire. If the 
mirror has been constructed without adjusting screws, the difference 
between the scale reading observed after its suspension and the mean 
of the former readings with an inverting stirrup must be added to, or 
subtracted from, the centre division of the scale, in order to obtain the 
zero division to be brought on to the vertical wire instead of the centre 
division. Half the difference, reduced to angular value, will denote the 
deviation of the normal of the mirror from the magnetic axis of the 
magnet. 

A second magnetic instrument will be required if the observer is un- 
provided with an inverting stirrup, or if the face of the mirror is 
parallel to the axis of the magnet ; the azimuth of the mirror may be 
adjusted in either case as follows : 



A/ 



i 
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1 . Adjust the Portable Declinometer and Theodolite, or the Theodo- 
lite Magnetometer, bringing the line of collimation of the telescope into 
the magnetic meridian ; read off the verniers of the horizontal circle, 
and, if the face of the mirror is parallel to the axis of the magnet, turn 
the telescope 90° in azimuth in the direction B A, and clamp the 
circle : if perpendicular, leave the telescope in the magnetic meridian. 

2. Fix the Portable Unifilar Magnetometer, or the Induction Inclino- 
meter, at a distance of a few feet from the theodolite, placing it so 
that the normal of the mirror may coincide very nearly with the line 
A B or AB'; level the base ; take out the torsion of the thread ; sus- 
pend the magnet and mirror, and adjust the inclination of the mirror so 
as to reflect the divisions of the scale over the attached telescope, into 
the middle of the field of view. Detach the reading telescope. 

3. Suspend a plumb line across the centre of the object glass of the 
theodolite telescope; raise or lower a bar with a fine edge (holding it 
horizontally) until its image is reflected into the middle of the field of 
view ; and while in this position mark the point in which it intersects 
the plumb line. 

4. Adjust the azimuth and inclination of the mirror until the reflected 
image of this point of the plumb line coincides with the point of inter- 
section of the wires of the telescope. The normal of the mirror is then 
in its required direction, parallel or perpendicular to the magnetic axis 
of its magnet. 

5. Re-attach the telescope : if the divisions of the scale can be con- 
veniently observed, the adjustment is complete ; if not, the inclination 
must be re-adjusted, and the observations repeated until both conditions 
are fulfilled together. 

If the angle of deviation is required, it may be determined by sus- 
pending the plumb-line to a horizontal bar fixed over the theodolite, 
moving it to the right or left until its image is reflected on to the ver- 
tical wire of the telescope, and noting the corresponding division of the 
theodolite scale. The difference between the division of the scale so 
observed, and the division vertically over the line of collimation of the 
telescope, reduced to angular value, will be equal to twice the angle of 
deviation required. If the scale on the theodolite is not of sufficient 
length, or if no scale is attached, the distance of the plumb-line from the 
nearest point in the line of collimation, and the distance of the same point 
from the centre of the mirror, must be ascertained by measurement, and 
the angle of deviation calculated by the formula, 

tan 2 a = £-7. 
b A 
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Absolute Declination, 

The inverting stirraps may be employed, if necessary, for the purpose 
of determining the absolute declination ; the observations should be 
made as follows :* 

1. Suspend the plummet by as fine a thread as possible, leave it until 
perfectly at rest, and suspend the magnet without altering the direction 
of the cross bar on the suspension pin. 

2. Fix the theodolite at a distance of a few feet from the magneto- 
meter, placing it so that the centre division of the scale may be reflected 
into the field of view ; level the horizontal circle ; adjust the direction of 
the telescope ; clamp it ; and note the readings of the scale and of the 
verniers of the horizontal circle. 

3. Invert the magnet and stirrup, and take a second reading of the 
scale ; and if convenient, repeat the invereals so as to obtain two read- 
ings with the magnet direct, and two with the magnet inverted. The 
difference between the mean of these readings and the division of the scale 
vertically over the line of collimation of the telescope, reduced to angular 
value, will denote the angle of deviation of the telescope from the mag- 
netic meridian. 

4. Determine the true azimuth of the line of collimation of the tele- 
scope, or the angle which it makes with the true or astronomical meri- 
dian, and add or subtract the angle of deviation of the telescope from the 
magnetic meridian (found as above), in order to obtain the absolute 
declination. 

The absolute declination may be determined in a similar manner by 
means of a stirrup not capable of inversal, provided the angle of deviation 
of its normal has been ascertained by previous experiment, and can be 
relied on, as having remained the same ; the deviation of the telescope 
from the magnetic meridian is to be obtained by reducing the difference 
between the observed division of the scale and the division vertically over 
the line of collimation, to angular value, and adding or subtracting the 
known deviation of the mirror. 

* The results obtained by this method will be less certain than those obtained by 
means of the collimator magnet, as the line of detorsion of the thread can be ad« 
jnsted by estimation only. 
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TKMPKRATURE CORRECTIONS. 

Permanent Magnets. 

All comparative observations of intensity require to be corrected for 
the changes in the force of the employed magnet produced by an increase 
or decrease of temperature. The effect varies with different magnets, and 
must be determined experimentally by observing the angles through 
which a freely suspended horizontal magnet is deflected by the action 
of a second magnet placed near it, and retained at different temperatures. 

Two declination magnetometers are required, one for observing the 
total angle of deflection and the variations in its amount produced by 
changes of temperature, the other for observing the changes of declina- 
tion occurring during the intervals of the observations. The two instru- 
ments should be observed simultaneously, or as nearly so as possible. 
Corresponding observations of the bifilar magnetometer should be made, 
when the instrument is in adjustment, but are not equally essential with 
those of the second declination magnetometer. 

Details, 

1. Adjust two instruments as Declination Magnetometers, one having 
a long scale or horizontal circle, and containing (if convenient) a magnet 
whose length is less than that of the magnet whose temperature cor- 
rection is required in the proportion of 1 to 1 * 224 ; adjust also a Bifilar 
Magnetometer. Note the readings of the two Declination Magnetometers 
and of the horizontal circle, if the instrument is of that construction. 

2. Place the magnet whose coefficient is required on fixed supports,* 
within a wooden trough, and fix the trough »o that the magnet shall be 
as nearly as possible in the same horizontal plane with the suspended 
bar, and in the direction of the line passing through the centre perpen- 
dicular to its axis. The distance between the two magnets not to be 
less than three and a half times the length of the longest of the two bars. 

Place a thermometer within the trough, with the bulb near the 
magnet ; if an instrument with a horizontal circle is employed, turn the 

* The suppoits for the magnet may be made of narrow strips of copper or flattened 
wire, having one end fixed to the side of the trou^^h, and the other bent into the form 
of a,V, their relative position should be adjusted so that the magnet placed on them 
may be in the centre of the trough ; the supports for the thermometer may cunsist 
of two flattened wires projecting from the opposite side. The trough should be 
eight or nine inches in length and five or six in breadth and depth. 
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telescope in azimuth until the diviflion of the scale before read off is on 
the vertical wire of the telescope, clamp it firmly, and read off the 
verniers of the horizontal circle. 

3. Fill the trough with warm water, the temperature not exceeding 
100°, or, if the magnet is to be used in a hot climate, about 10° above 
the highest temperature to which it may be exposed ; note the readings 
of the three instruments and of the two thermometers, as soon as a 
sufficient time has elapsed to allow the magnet to take up a steady tem- 
perature, observing the two declination instruments at as nearly as pos- 
sible the same instant, the bifilar as soon after as convenient. 

Repeat the observations two or three times, at intervals of one or one 
and a half minutes, and take the means of the several readings.* 

4. Empty the trough very carefully with a syphon tube, avoiding the 
slightest possible movement of the magnet, refill it with cold water, and 
read off as before. 

5. Again empty the trough, and continue the observations, alternately 
raising or lowering the temperature of the water until a sufficient number 
have been taken to fiimish a good result, judging of the number re- 
quired according to the agreement of the partial results. 

6. Remove the deflecting magnet, turn the telescope into its original 
position, and take a reading of the horizontal circle, or read off the 
long and short declination scales. 

The observations should be entered, and the means, differences, &c. 
taken according to the annexed form. The corrections for declination 
changes are obtained by multiplying the differences of the readings 
with the second declination instrument by the ratio of the angular values 
of the two scales. The bifilar readings are to be corrected for tem- 
perature in the manner already described, by adding or subtracting the 
differences of temperature, multiplied by the ratio of the coefficients q 
and k. 

The change of magnetic moment for 1° of temperature, or the value 
to be employed as a constant coefficient, is found by the formula 

1 ^ ^ 1 AX 

<y=-ancot« + — ^, 

where a = the arc value of one division of the scale in terms of radius. 
n = the difference of scale readings corrected for changes of 
declination. 
t — to = the corresponding difference of temperature. 

* It is desirable Id all experiments^ but especially in experiments of this nature, 
to calculate the means, differences^ &c., and notice the agpreement of the partial 
results during the actual progress of the observations. 
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A TC 

-r^- = the corresponding change of horizontal intensity. 

u = the angle of deflection at the lowest mean temperature. 
If a declination magnetometer with a long straight scale is em» 
ployed, and the total angle of deflection does not exceed 6° or '3^, the 
value of q may he obtained by dividing the difference (n) by the whole 
number of scale divisions through which the magnet was deflected, 
instead of multiplying by a cot u ; the angle of deflection should how- 
ever in all cases be made as large as possible. 



Soft Iron Bars of the Induction Inclinometer. 

The iron bars should be fixed vertically within water-tight hollow 
cylinders made of wood, copper, or zinc, three or four inches in dia- 
meter ; and the heights and positions of the cylinders regulated so as 
to bring the two bars into the same (or as nearly as possible the 
same) positions, relative to one another, and to the suspended magnet, 
as when in adjustment in their own instrument, their acting poles being 
at equal distances from the centre of the suspended magnet and in the 
same horizontal plane, and the line joining their centres perpendicular 
to its axis. 



The total angle of deflection and the changes of reading produced by 
the changes of temperature are to be observed in the manner already 
described. Three spare instruments, the Declination Magnetometer, 
the Induction Inclinometer, and the Bifllar Magnetometer, are required 
for the complete determination of the corrections ; but the Bifilar Mag- 
netometer, and, if necessary, the Induction Inclinometer, may be dis- 
pensed with in general, provided the observations are made at alternate 
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high and low temperatures, and a sufficient number are taken to coun- 
terbalance the corrections. The experiments are to be made as follows ; — 

1. Note the reading of the scale and horizontal circle, or of the long 
Bcale alone, with the iron bars away.* 

2. Place the iron bars within the cylinders in their intended positions 
A B and A' B' ; move the cylinders until the bars appear to be in their 
required positions, at equal distances (not less than five inches) from 
the suspended magnet^ and ^x them so that they may not be moved 
during the continuance of the experiment ; place thermometers within 
the cylinders, and read off as before. 

3. Fill the cylinders with warm water, and, after a sufficient time has 
elapsed to allow each bart to acquire a steady temperature corresponding 
to that shown by its thermometer, note the heights of the thermometers, 
the scale readings^ of the two Declination Magnetometers, and (if the 
instruments are in adjustment) the readings of the Induction Inclinometer 
and Bifilar Magnetometer. Repeat the observations at intervals of one 
or two minutes, and calculate the means of the several readings. 

4. Empty the cylinders by means of a syphon tube, refill them with 
cold water« and observe as before. Continue the observations, alternately 
raising and lowering the temperature, until a sufficient number are 
obtained to give an accurate result. 

Calculation. — ^The change of the induced magnetism of the bars for 
1° of Fahr. (while acting together in these relative positions) is obtained 
by the formula, 

— ^-_ cosu 1_ 2Ae 1 tanP aX 

^ " t-t^ sin S cos D ^ ^ t—to sin 2 d t—t^ sin 1' tan S X~' 

where u = the total angle of deflection. 

a = the angular value of the declination scale. 
t—t^=z the change in the temperature of the iron bars between 
any two observations. 
it = the corresponding difference of scale readings corrected 
for changes of declination. 
A = the corresponding angular difference of inclination deduced 
from the observations of the Induction Inclinometer. 

AX 

-T^ = the corresponding change of horizontal force. 

xV. 

* The experiment is to be made id the same manner, whether the coefficient is to 
be obtained for a single iron bar (as in the annexed example), or fur two bars acting 
conjointly. 

f Care must be taken to bring the two iron bars to as nearly as possible the same 
temperature after each change. 
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D = J (tt — mOi tt' denoting the angle of deflection with the 
bars inverted, to be calculated by the formula given below. 

S = i(i/+w'). 
The value of u' may be calculated from the corresponding values of 
the angles of deflection observed before or afterwards at the adjustment 
of the instrument ; denoting these values by m° and t*"', 



8mu'=8]nu 
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Experiment of Temperature 
I 4 Suspended, A 50 Deflecting. Lengths 2*45 



Timet. 


TemfMnitara. 
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Readings. 
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1 
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Scale. 


Hot. Circle. 
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Magnet away 




148-0 


216 30 










Magnet deflecting Temp. 66» . 


124-0 


188 20 






Differences . . • . 


24-0 


28 10 





« a 28^ lO' + 24' = 28° 34'. Calculating with the first 

and giving each 

A smaller value {q « 0*00020) was obtained by a second series of observations taken 
* The value of q given as the coefficient of temperature of the Bifilar Magnetometer 
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tinth a Permanent Magnet, 



and 3*00 inches. Distance f^om centre to centre 10-5 inches. 



16/A September, 1843. 
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142*45 




288*9 


65-7 


291*6 




137-3 






















n =» 


50-81 


lofiT- 


1-22891 


— 1-2 




16*94 


- 0-4 






kT=. 0-000165 



a» -0002909 log » 6*46373 
u = 28'=' 34^ log cot - 10-26403 AX 
/ - # = 32<» 2ar co log « 8-49214 -^ =-0*000066 



a ficotti» 0-0002811 log « 6*44881 



1 AX 
/ -/« X 



0-0000021 



q « 0-0002790 
observed differences (48^ &c.) q = 0*000250 



result its proportional weight q = 0-000272 



on the same day with the magnet in a different trough and at a greater distance, 
is an assumed value, its true amount not having been determined by experiment. 
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Woolwich^ 






Temperntnre. 


! Spare Deelination 
, Mapetometer, 

— = r-43. 

a 


• + £)=!'.««. 




Times. 






■ 




















Ob- 




Alter- 


Differ. 


Uma» 

of 


Differ- 1 Cor- 


Read- 




Cor- 


Alternate 


Differ- 






■6ZVM. 


MeaoB. 


nate 
Mean*. 


encee. 


'obwrred 
Reading.. 


encee. reetiont. 


lag.. 


Means. 


rected 


oomcted 
Mmiu. 


ences. 




D. a. M. 


























15 18 31 


63*9 


Inmba 


r away 










1085-7 

594-5 

94-6 












18 57 


63*9 
100-0 


63-9 


A 


o 


172-48 






94*4 
94-3 
94-3 
590*0 
90*1 


594*42 


594-42 








19 12 




99-8 


63-4 


36^4 


172-62 


0-14 0-20 1 


90*2 


590-14 


589-94 


593-06 


3-12 




















90-2 














99*6 














90-2 














630 










^ 




592-1 
920 












19 27 


63 
110-5 


63* 


104*9 


41*9 


172-70 

1 
t 


0-^2 


0*31 


92-0 

92-0 

92-0 

587*9 


592-02 


591*71 


588-74 


2-97 














_ 


— 


87-9 












19 39 


109-5 
62*9 


110*0 


63*0 


47*0 


jl72-68 

i 


0-20 


0-29 


87*9 
87*8 
87*7 
592-1 
92*1 


587*84 


587*55 


591-56 


4-01 




19 52 




62*9 






173-10 


0-62 0-89 1 


92*2 


592-30 


591-41 
























92-4 














62*9 














92*7 


















3125*3 


1 


1 








310-10 1 



Means (/ - 0=* 41*77 



For the valae of «'. and thence of D and S. 

« = 491*3 X 1"002 = 8o 12" log sin =: 9'154S1 
u^ 5= log sin = 

If® =s ar 00 log sin = 

If' = log sin = 

if + if' 



M = 3-366 

3-366 log =0-5S711 
a=l' 002 log =0 00087 
if=8oi2'log cos = 9-99654 
S= ar CO log sin = 

D= ar CO log oos = 

(t-«o)=41-77aroolog = 



S = 
D = 



9 

s 



t-to sin 2^ 
tanD AX 



log = 



t-to sin r tan 8 X 



= 0-00014 



9 = 



Ifoie. — ^The calculation could not be completed, as the deflecting Iron Bar and the iron bar of the spare 
cores of a magnetizing helix, and retained so large an amount of permanent 
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tmth a Single Soft-iron Bar. 



Ibth September, 1843* 



Induction Inclinometer, 
aV = (yn43 B = 0-0123. 



Mean*, of 
Observed 
Reading*. 



145*00 



144- 68 



144*64 



144*58 



144*84 



Teitap* of 
Iron 



tap»ol 
iBar. 



G)rrected 
Means. 



Alternate 
Means. 



Differ- 



145*00 



144-68 144*66 



144*33 



144*29 



143-95 



144*48 



144*14 



+ 
0-02 



+ 
0*15 



0*15 



Bifilar Magnetometer, 
A = -000165. q = -000165. 



Read- 
ing*. 



0-32 



293*4 



292*9 



291-8 



291*5 



290-3 



Tempe 
lature. 



65*4 



65-5 



65*8 



65*9 



65*9 



Corrected 
Readings, 



Alter- 
nate 
Means. 



293*7 



293-3 293*1 



292-8 



292*3 



29M 



Differ- 
ences. 



291*8 



0*2 



0*3 



0-5 



3-1-0 



0-107 



- 0-333 



107 log = 9*02938 
o P log = 
2 log = 0-30103 



Sin 2 ^ ar CO log = 0- 17449 



ar 00 log = 8*37914 
log = 



^ = O-OO0053 log =5-74036 

tan D log = 7-63982 
sin I' ar co log = 3-53627 
tan S ar CO log = 0' 86522 
(t - f o)ar CO log = 8 -37914 



Correction for Horizontal Intensity = ^ 0*0001448 log = 6-16081 



Induction Inclinometer had been placed (for the purposes of experiment) between the 
magnetism as to prevent the value of uf*' from being observed. 
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PRICES OF INSTRUMENTS. 

Instruments* made by Mr. Thomas Jones^ 62, Charing Cross. 

£. s. d. 
Portable Declinometcr,*|- with Apparatus for 

experiments of deflection^ and Stand . • 14 

Ditto with an additional table top, capable of 
carrying both the Theodolite and Declino- 
meter 15 2 

2 Five-inch Altitude and Azimuth instrument, 
divided to dOf'^ with transit axis, diagcmai 
eye tube, Lamp, &c 21 10 

Triangular Stand • • • 2 10 

3. Portable Unifilar Magnetometer} and Stand • 22 10 

4. Theodolite Magnetometer and Stand . . . 30 

5. Portable Declination Magnetometer and Stand 12 

6. Portable Bifllar Magnetometer, (with socket 

arms and two soft iron cylinders, to enable it 
to be used as an Induction Inclinometer, 
if so required,) and Stand 19 10 

7. Induction Inclinometer, for a fixed or portable 

observatory ••15 00 

Portable Stand 2 10 

Additional reading Telescope and Scale to 

be used in a fixed observatory • • • • 3 13 6 

8. Observatory Unifilar Magnetometer, with Ap- 

paratus for experiments of deflection and 

vibration, reading Telescope, long scale, &c. . 14 10 

9. Observatory Bifilar Magnetometer, reading 

Telescope, &c 1100 

* The instniments which are to be ordered from this list for a magnetic survey are 
Nob. 1 and 2, Nos. 1, 2, and 3, or No. 4; for a magnetic survey and complete 
portable observatory, with separate differential iasiruments, Nos. 1. 2, and 3, or No. 4, 
with Nos. 5, 6, and 7 ; and for a Jixed observatory, Nos. 1 and 2, or No. 4, and 
Nos. 7, 8, and 9. The prices uf the different instruments include the spare and 
additional apparatus mentioned in the specifications, with the exception of the outer 
cases for the observatory differential instruments. 

f The Portable Declinometer may be constructed at a less expense, omitting the 
second magnet and the apparatus for experiments of deflection. 

\ The coMt of the Portable Unifilar, or of the Theodolite Mafpietometer, will b« 
increased by about 5/. or 6/., if the instrument is made available for observations both 
of inclination and horizontal force, and by about 2/. or 3/. if made avi^ilable for only 
one of these purposes. 
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Instruments made by Mr, Barrow^ 26, Oxenden-sireety Haymarket 

£. J. d. 
d^inch Dip Circle 25 

6-inch ditto 15 15 

5-inch Prismatic Compass, with a compound bar 
card, ruby cap, stand, &c., complete (the prism 
either direct or inverting) 5 

A pair of Lloyd's intensity Needles for the 9J^-inch 

circle ' • . . 5 

Ditto for the 6-inch circle 3 3 

Instruments made by Mr, George^ Falmouth, 

Fox's Dip Circle and Intensity Apparatus, with 
spare jewels and an additional pair of de- 
flectors 26 2 
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FORMS. 



The headings of the four first for^is have been filled in, and a few observations 
entered, in order to show the manner in which the corrections and mean values are 
obtained ; no additional explanation appears to be required. Special care should 
be taken (whether the returns afre drawn out on manuscript or printed forms), to 
omit none of the zero divisions, or other data for which blank spaces have been 
provided, as the reduction of the observations cannot be completed without them ; if 
the coefficients have not been calculated, it will be sufficient to transmit the data 
required by the different formulae. The corrected sheets should be prepared, if 
practicable, by the observers themselves, and copies transmitted instead of the uncor- 
rected abstracts. 

The term diurnal oscillation denotes the periodical variation either of force, 
pressure, &c., which takes place in every twenty-four hours, or which would take 
place independently of irregular variations ; the values to be entered are obtained 
by subtracting the lowest of the hourly mean values from each one of the remainder. 

The zero temperatures to be employed in the correction of the observations of the 
Bifilar Magnetometer and Induction Inclinometer, should be chosen at a temperature 
a few degrees lower than the lowest temperatures to which the magnets are likely to 
be exposed, in order that the corrections may all have the same sign. 

The zero scale divisions denote the means of the scale readings, corresponding to 
the simultaneously observed absolute values of the declination, horizontal intensity, 
and inclination, corrected for the difference between the then observed and zero 
temperatures ; the dates within which they are to be used are always to be inserted. 

The appearances of the clouds should be noted according to Howard's nomencla- 
ture, cirrusy cumulus, stratus, cirro-cumulus, cirro-stratus, an^ cirro'cumulo-stratus ; 
the distinguishing marks \,/^,^,V^,V-,V\. being used in the original entry, 
and abbreviated names in the returns forwarded for publication. 

The direction of the wind is to be registered in the usual manner by letters denoting 
the points of the compass; the azimuths in degrees may be deduced afterwards, and 
entered in the abstract ; a few months' experience at each station will show where 
the method of entry by azimuths is of use, and where a greater number of observa- 
tions are required in order to render it applicable. 

The force of the wind in lbs. is to be taken from the animometer register, or deduced 
from observations of Lind's wind gauge, provided the results given by the instru- 
ments can be relied on ; if no instrument is employed, the force is to be expressed 
either by words or figures, according to the system drawn out by Captain Beaufort, 
a copy of which is given in the page immediately following. The letters to denote 
the state of the weather should be used in the daily registers, in addition to the marks 
distinguishing the different description of clouds. 



»\ Books and loose sheets of these Forms are printed and sold by Messrs. Allen 
and Co., 7, Leadenhall-street. 

Digitized by VjOOQIC 



102 
FIGURES TO DENOTE THE FORCE OF THE WIND. 



denotes Calm. 



J Light Air ju»t sufficient to give . . Steerage way . 



2 Light Breeze. 



fl to 2 knots. 



with which a well-condi- 
tioned man-of-war, under 

3 Gentle Breeze •• } :lir gr'inTm^l^^ to 4 knots. 

water, from. • . . • 



4 Moderate Breeze. 



,5 to 6 knots. 



5 Fresh Breeze. . .N 



6 Strong Breeze . 



I in which the same ship # 

7 Moderate Gale. . ) could just carry close ( 

[ hauled 



8 Fresh Gale. 



9 Strong Gale. 

10 Whole Gale. 

11 Storm 



Royals, &c. 

Single-reefs and top-gal- 
lant sails. 

Double-reefs, jib, &c. 
Triple-reefs, courses, &c, 
vClose-reefs, and courses. 



with which she could only Closc- reefed main topsail 
^®*' and reefed foresail. 



ledu^ceftet'^'"^^! Storm stay-sails. 



J 2 Hurricane to which she could show No canvas. 



If the above mode of expression were adopted, the state of the wind, as well as its 
direction, might be regularly marked, every hour, in a narrow column on the log 
board. 
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LETTERS TO DENOTE THE STATE OF THE WEATHER. 



b denotes Blue sky Whether with clear or hazy atmosphere. 

C Cloudy. — i. e. Detached opening clouds. 

d Drizzling rain. 

f Fog. — ^f thick fog. 

g Gloomy dark weather. 

h Hail. 

1 Lightning. 

m Misty or hazy. — So as to interrupt the view. 

O Overcast. — i, e. The whole sky covered with one impervious cloud. 

p Passing showers. 

q Squally. 

r Rain. — i. e. Continuous rain. 

s Snow. 

t Thunder. 

u Ugly threatening appearance in the weather. 

V Visibility of distant objects. — Whether the sky he cloudy or not. 

W Wet dew. 

, Under any letter denotes an — Extraordinary degree. 

By the combination of these letters, all the ordinary phenomena of the weather 
may be recorded with certainty and brevity. 

EXAMPLES. 
DCm. .Blue sky, with detached opening clouds, but hazy round the horizon. 
gV. .Gloomy dark weather, but distant objects remarkably visible. 

qpdlt . . Very hard squalls, and showers of drizzle, accompanied by lightning with 
very heavy thunder. 
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OBSERVATORY ai 
ABSTRACT of hourly Observations made 



Date 

Gottingen 


aY 1 + ^^ = 0'-7l20 X 100050 = 0'-7l2 DECLINATION 
































Mean Time. 


Noon. 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 




1 


W» 


an>» 


tn*i 


210»7 


818*0 


218-0 


217'8 


210-1 


280*0 


2808 


280*8 


».8 


280-0 




2 


tn-ft 


mo 


asi 


n-o 


8880 


280*8 


880*8 


880-7 


280-8 


880*8 


880- a 


«08 


2207 




3 


iirs 


ai*o 


mi 


8801 


8180 


810*0 


118-0 


280-0 


880*8 


820*8 


280*5 


sao-s 


280-8 




4 










Son 


day at 


St. Hel 


•na. 














5 


«I-7 


SM-l 


a«>-8 


880*1 


8800 


S80*8 


880*0 


880-8 


880*0 


881*0 


881-8 


ttl-O 


ttl-8 




6 






























7 






























8 






























9 






























10 






























11 






























12 






























13 






























14 






























15 






























16 






























17 






























18 






























19 






























20 






























21 






























22 






























23 






























24 






























25 






























26 






























27 






























28 






























29 






























30 


fiO'C 


£»-2 


810*2 


W7-I 


215*5 


215-8 


217-5 


818*0 


818*4 


2180 


810*5 


£19*1 


219-3 




31 
32 


a»i 


tl»*8 


818*0 


2170 


818*2 


210*8 


210-8 


210*0 


218-0 


2W8 


8100 


819-8 


819-0 




Sums . . 


5US4 


50830 


5026-9 


580«0 


5878-7 


5878*4 


5881-0 


5897*7 


5000-8 


5010*1 


5987*0 


5088*1 


S930S 


< 


Means . 


21»M 


2W70 


210-50 


218-80 


217-54 


217-72 


218*10 


218-48 


218-87 


210*28 


210*55 


219-74 


819-64 


Differences 


8-78 


8*02 


8-72 


8-61 


1*78 


1-84 


2-41 


2-65 


8-00 


8-45 


3*77 


8«9e 


3-88 


Diurnal 
Oscillation 


yes 


8'- 70 


«"e5 


l'*8« 


1"25 


I'- 88 


l'-72 


1"80 


8^*20 


af49 


8'*«8 


«'*at 


2'- 75 


A 










Inc 


reasin 


gnur 


Qbers 

Digi 


denol 

ized by 


te a n 

Go 


lovem 
Ogl. 


lent of 


"the 





St. Helena. 

during the Month of December, 1842. 



H. M. s. 105 

Long. 1 02 86*5 JF. of Oottingen. 



MAGNETOMETER. Zeroiut to32nd,250-43; a=22*» 4T-73 FT. o/iVor/A. 



13. 



8S0*8 
SBIO 



14. 



tl»'0 
SU-8 



15. 



n8*8 



ti»'i 

«W7 



'18*8 



16. 



tl8'8 
S18-8 
Sub 
S18-8 
119*4 



118*4 
818-1 
day at 
8180 
818*8 



17. 



18. 



8188 
117*1 
St. Hel 
818-0 
817*0 



19. 



818*0 
8I&-8 



817-8 
810*7 



20. 



«17*7 
818-0 



818-8 
814*0 



21. 



817-1 
818-8 



tlO*0 
815*0 



22. 



818-5 
810*1 



818-1 
810-0 



23. 



810*8 
tl»*4 



881*0 
818-8 



Sums. 



5881*7 
5808*8 



8871*1 
0170-5 



5881*8 
5888*0 



Means 



810-24 
tl»-51 

810-88 
810-80 



817-00 
S17*65 



Decli- 
nation 



80 85-58 
88*71 

i5*7» 
18-77 



5884*10 



818*70 



818-08 817-70 



©'•88 0"0 0**00 0^80 1' 



North end of the Magnet towards the East. 



Digitized by VjOOQIC 



106 



OBSERVATORY at 
ABSTRACT ofkmrly Observations made 



Date 

Gottingen 
Mean Time. 



1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 



Noon. 



k = 0003142 X Cot 58° 56' = 0001893. 
q {Bar B. 5) = 000250. 



BIFILAR 

(uncoT- 



2. 



4. 5. 6. 



7. 8. 



1C1*9 100*0 ISO'S 



9. 



10. 



11. 



12, 



13. 



14. 



15 



16 



Sums 



44S8*8 4800*0 4845*8 4807*5 



Means 



I I 



41S0-84188-] 



Temperat, 
Corrections, 



Corrected 
Means . 



165*88 164*00 168*70 16«*59 



Differences 



6*87 6*S4 4*05 8*84 



AX 
X 



i I s 
i ! i 



I 



Increasing numbers denote 
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during the Month of December^ 1842. 



H. M. s. 107 

1 02 36 W. of Gottingen. 



MAGNETOMETER. 

rected.^ 



Y — . (;.r;A(^o ^^<^J 1*^ ^o|Sc.-dfi;. Therm. 
X- 5 5652 ^ero^s2nd}m'0 50° 



17. 



18. 



19. 



20. 



21. 



22. 



23. 



Sumn. 



Means, 



Temp. 



Corrected 
Meetfu, 



A X 

X 



Horixdniai 
Intentity, 



§ 



i 



increasing Horizontal Force. 
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OBSERVATORY at 
ABSTRACT of hourly Observations made 



Date 

Gottingen 

Mean Time, 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21 
25 
26 
27 
28 
29 
30 
31 
32 



Sums 



Soon. 



1. 



3. 



5. 



«3-8 



THERMOMETER OF 
13. 



10. 



11. 



12. 



I7«7«8 17«0*4 



Means . 



Differences 



Corrections 
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during the Month of December, 1843. 



BIFILAR MAGNETOMETER. 



q '0002500 

k -0001893 



14. 



15. 



16. 



&'i 



17. 



167**9 1M9'5 



18. 



19. 



20. 



21. 



22. 



ie57*o 



23. 



Sums, 



Means. 



^•88 



Differ- 
ences. 



Correc 
tions. 



©••8 



W47 



0'5S 



0'69 
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OBSERVATORY at 
ABSTRACT of Hourly Observations made 



Date 

Gottingen 

Mean Time. 



k=z ' 0003142 X Cot 58^ 56'= '0001893 
q. (gar Jg. 5)= '000250 



BIFILAR 

(cor- 



Noon. 



1. 



3. 



6. 



7. 



8. 



10. 



11. 



12. 



13. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 



Sums 



Means 



Differences 



AX 
X 



D 



Increasing numbers denote 
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5^ Helew. 



during the Month of December^ 1843. 



H. M. S. 

L(mg. 1 02 36*5 /F. of Gottingen. 



HI 



MAGNETOMETER. 

reded.) 



X= 5-5652 ^^o{JJ„5}= 140*0 



14. 



15. 



16, 



17. 



18. 



19. 



20. 



21. 



22. 



23. 



Sams, 



Means, 



AX 
X 



Horizontai 
Intenniy, 



increanng Horizontal Force. 
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OBSERVATORY at 
ABSTRACT of hourly Observations made during 



Date 

GotHngen 

Mean Time. 



Noon. 



aPzzz 



Sin 2 0. Cotu 



2 Sin S. Cot D~ 
= 0'-743; 



:l'-00x 



Sin 138° 00^ X Cos 24^ 55^ _ 
2 Sin 24° S' X Co«0«48' "" 

INDUCTION 
(uncor- 



- =1-001 
a 



9. 



10. 



11. 



12. 



13. 



14, 



15 



16 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

n 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 



Sum^ 



Means 



7% (Dec/^ 



i§r 



;i 



^ « « I 



Cor 7^* Means 



Dium^ OscilVt 



H 



Increasing numbers denote a movement of the North end of 
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t?ie Month of 



H. M. S. 

Long, of Gottingen, 

184 . Zero of 



fnclinometer Readingt . . • 
Inclinometer Thermometer 
DecUnaiion Readinfft .... 

Biflhr Readingt 

BiJUar Thermometer 



INCLIiVOJIfETER. 



B = ^^j:«li* = 0-0123. 
Sin V Coeu 

R = Zero of Jne/ination 69° 2'»0 



/ 





/ 


1 


/ 


21. 


22. 


23. 


Sums. 


Means. 


Corrections in Sc. Div, 
for changes of 


Cor- 
rected 
Means, 


Mea 
Dai 


n 


. 18.1 19.1 20. 


Decli- 
nation, 


Hor,Foree 


Temp. 


Incl 
natii 


/ 




i 


























\ 


1 






















\ \ V 






















I \ \ U 






















\ \ \ 




■•■ 


















\ VJi 






















\ \\ 






















Mil 
















f 







tKe Magnet towards the 



, and 
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zed by Google 
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OBSERVATORY at 
ABSTRACT of hourly Observations made 



Date 

Gottingen 

Mean Time, 



Noon, 



THERMOMETER OF 



q (Bar B. 9)= 



^ _SinS Cos D 



1. 



5. 



7. 



8. 



10. 



11. 



12. 



13. 



1 

2 

3 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 



Means 



Differences 



Corrections] 



Digiti 



zed by GOOgl 



duiing the Month of 



Long. 



H. M. s. 



184 



of Gottingen. 
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INDUCTION INCLINOMETER. 



Zero 



14. 



15. 



16. 



11 



18. 



19. 



20. 



21. 



22. 



23. 



Means. 



Differ- 
ences. 



Correc- 
tions, 



Digiti 



zed by Google 
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OBSERVATORY a/ 
ABSTRACT of hourly Observations made 



Date. 

Gottingen 

Mean Time, 



1 
2 
3 
4 
5 
6 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 



,^ Sin 2eCosu a' 



INDUCTION 

(SccUe readings corrected for 



Noon. 



Slims 



Means 



Differences 



Diurnal 
Oscillation 



3. 



4. 



5. 



6. 



8. 



10. 



11. 



12. 



13. 



14. 



Increasing numbers denote 

Digitized byVjOOQlC 
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Long, 



of Gotlingen. 



luring the Month of 



184 



sTCLINOMETER. R = 

ang^s of Z^ecKnatum, Horizontal Fhrce and TempertUure), 



Zero division 151 • 1 
Correspond, Inclin. 75° 12' • 3 



15. 



16. IT 



18. 



19. 



20. 



21. 



22. 



23. 



Sums. 



Means. 



Difer 
ences. 



Daily 
Inciinaiion 
Changet, 



Inclination. 



Digitized by (SoOgk 
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OBSERVATORY at 
ABSTRACT of hourly Observations made 



Date 

Gottingen 

Mean Time, 



Correction to Royal Society's Standards _ Q.021 • 
or index error) * 



BARO- 

vncOT' 



Noon, 



3. 



5. 



6. 



8. 



10. 



11. 



12. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Sum>s . 



Means . 



* The ratio of Capacities is not required for the correction of observations of a 

Digitized by VjOOQ IC 



H. M. S. 



during the Month of 



Long. 
184 . 
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of Gottingen, 



METE R. Correction for Capillarity = • 

reeled. Ratio of the Capacities of the Cistern and Tube = ♦ 



13. 



14. 



15. 



16. 



17. 



18. 



19. 



20. 



21. 



22. 



23. Sums. 



Means. 



Standard Barometer, as the scale is brought to the surface of the mercury at each observatuiii. 

Digitieay Google 
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OBSERVATORY at 
ABSTRACT of hourly Observations made 



Date 

GoUmgen 

Mean Time. 

1 
2 
3 
4 
5 
6 

8 

9 
10 
11 
12 
13 
14 
15 
16 

n 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Sums. 



ATTACHED THERMOMETER 



Noam. 



3. 



4. 



5. 



7. 



9. 



10. 



11. 



12. 



Means 



Digitized by VjOOQIC 



d'uring the lUonth of 
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Long. 




of GotHngen, 


184 . 







€>f BAROMETER. 



b 



\S. I 14. I 15. 




16. 



17. 



18. 



19. 



20. 



21. 



22. 



23. 



Swm?. 



Means. 
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OBSERVATORY at 
ABSTRACT of hourly Observations made during 



Date 

Gottingen 

Mean Time. 



Noon, 



Correction to Royal Society's Standard = BAROMETER 



1. 



3. 



4. 



5. 



6. 



7. 



10. 



11. 



12. 



1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
?7 
28 
29 
30 
31 
32 



Sums 



Means 



Diurnal 
Oscillation 






M 



Digitized byCjOOQlC 



the MtnUh of 



Long. 



H. M. S. 



of GotHng 



184 . 



K. Reduced to Temperature 32°, and corrected for Capillarity, and Capacities.^ 
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OBSERVATORY at 
ABSTRACT of hourly Observations made during 



Date 

GotUngen 

Mean Time. 


DRY 


Noon. 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 




























Sums . • 




























Means . 




























Diurnal 
Oscillation 





























N 
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the Month of 



184 . 
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Long. of Gottingen. 



THERMOMETER. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


Sums. 


Means. 


Diffe- 
rences. 
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OBSERVATORY at 
ABSTRACT ,qf hourly ObservaUms made 




during the Month of 



H. M. s. 127 

Long. of Gottingen, 

184 



THERMOMETER. 



i 


t- "• 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


Sums. 


Means, 


Differ- 
ences, 


1 


1 




[ 












• 














^ 


























_ 






















L 

























Digitized by VjOOQIC 



128 



H. M. S. 



OBSERVATORY at Long. of Gottingen. 

ABSTRACT of daily Observations made during the Month of 184 . 



Date* 
Ohsei'vaiory 
Mean Time 



1 
2 
3 
4 
5 
6 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 



Sums 



Means 



Temp, of Dew Point, 



9. 



15. 



21. 



Blast, of Vapour, 



15. 



21. 



Temperature, 



Max. 



Min, 



Radiation. 



Solar, 



Ter. 



* This abstract is the only one in which Observatory time is to be employed, those observations 
are to be inserted which hare been made at the marett Gottingen hours, 

^ Digitized by Google 
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OBSERVATORY at Long. of Gottingen, 

ABSTRACT of daily Observations made during the Month of 184 



Date* 

Observatory 

Mean Time, 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 



Sums 



Means 



Temp, of Dew Point. 



3. 



9. 



15. 



21. 



Elast, of Vapour. 



3. 



9. 



15. 



21. 



Temperature. 



Max. 



Min. 



Radiation 



Solar. 



Ter. 



* This abstract is the only one in which Observatory time is to be employed, those observatiop 
are to be inserted which have been made at the nearest Gottingen hourt. 
P 



Digiti 
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OBSERVATORY at 
ABSTRACT ofkourfy Obstnatims made during 



Date 


1 


DIRECTION OR AZIMUTH 


Gotttngen 
Mean Time, 


Noon. 


1. 


2. 


3. 


4. 


5. 


6. 


1. 


8. 


9. 


10. 


11. 


12. 13. 


u. 


15. 




I 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 


o 


o 


o 


o 


o 


o 


o 

• 


o 


o 


o 


o 


o 


o 


o 







Mean • . . 




































Number of Observations^ 

with the Wind in each 

Quarter. 


i 












• 
























00 




































g 




































^ 






















K. 















The Azimuths are to be reckoned from the North round by the East, South and 
across the North to the Westwardl in which case they are to be reckoned from 
again crossed the North point, moving towards the East. 



Q 
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Long, 
184 . 
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OF THE WIND. 


Date 
Gotiin- 

gen 
Mean 
Time, 


Mean 
Direction 

or 
Azimuth, 


Direction, 


Corresponding 


,16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


Azimuths, 





o 


o 


o 


o 


o 


o 


o 






N. 

N. by E. 

N.NE. 

NE. by N. 

NE. 

NE. by E. 

E. NE. 

E.byN. 

P' 

E. by S. 

E. SE. 

SE. by E. 

SE. 

SE. by S. 

S.SE. 

S. by E. 

S. 

S.byW. 

S. SW. 

SW. by S. 

SW. 

SW.byW. 

W. SW. 

W. by S. 

W. byN. 
W. NW. 

NW. by W. 

NW. 

NW. by N. 

N. NW. 

N. by W. 

N. 


+ 

0^ 
11 
22 
34 
45 
56 
67 
79 
90 

101 

112 

124 

135 

146 

157 

169 

180 

191 

202 

214 

225 

236 

247 

259 

270 

281 

292 

304 

315 

326 

337 

349 

360 


360^ 

349 

338 

326 

315 

304 

293 

281 

270 

259 

248 

236^ 

225 

214 

2oa 

191 
180 
169 
158 

ue 

135 
124 
113 
101 

90 

79 

68 

56 

45 

34 

23 

11 














































































































West, (as in the first column of corresponding Azimuths,) unless the wind backs 
the North round by the West and entered with a minus sign, until after the wind has 
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OBSERVATORY, at 
ABSTRACT of hourly Observations made 



Bate 

Gottingen 

Mean Time. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

2S\ 
26 
27 
28 
29 
30 
31 
32 

Sums . . 
Means . 

Diurnal 
Oscillation 



FORCE OF 



Noon, 



ibg. 



ibt. 



2. 

Ib9. 



3. 



4. 
Ibt. 



IbM. 



6. 



lb$. 



ibs. 



8. 



ibs. 



lbs. 



10. 



Ibt. 



11. 



ibi. 



12. 



ibs. 



R 
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during the Month of 



Long. 

184 . 



of Gottingen, 



THE WIND. 



13. 



14. 



15. 



16. 



11 



18. 



19. 



20. 



21. 



22. 23. 



Sums. 



Means. 



lbs. 



16m. 



Ibi. 



lb». 



On. 



lb». 



lb». 



lh». 



lb». 



IbM, 



ib». 
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OBSERVATORY at 
GENERAL ABSTRACT of Meteorological Observations 



Date 

Gottingen 

Mean Time. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

n 

18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 

Sums . 

Means 



Inches of Rain. 



15. 



21. 



Total, 



Daily Means. 



Thermometer. 
Dry. Wet. 



Ekaticity 

of 
FapQur, 



ffmd. 



Directum. 



Fbrce. 



Digiti 



zedbyGoOgk 



\ 



made during the Month of 184 . 



Long. 



H. M. 



of Gottingen, 



135 



Extent of Cloudy 
Sky, in Tenths. 



15. 



21.! 



WEATHER. 



k2^ 



oo^le 



136 H. M. s. 




OBSERVATORY ai Long. 


of Gottingen 


day J the of 


184 . 


ABSTRACT of Term-day Observations. 





Gottingen 
Mean Time. 


a X (1 + -p)- DECLINATION MAGNETOMETER. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


Min. 

5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 


























Therm* . 


























Gottingen 
Mean Time. 


22. 


23. 


Noon. 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


Min, 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 


























Therm. . . 



























Increasing Numbers denote 

* The Temp, of the Declination Magnet is not required. 
T 
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OBSERVATORY at 



H. M. s. 137 

Long. of Gottingen, 

day, the of 184 . 

ABSTRACT of Term-day Ohservattons. 



Gottingen 
Mean Time. 


k = BIFILAR MAGNETOMETER. q = 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


M. S. 

2 30 
7 30 
12 30 
17 30 
22 30 
27 30 
32 30 
37 30 
42 30 
47 30 
52 30 
57 30 


























Therm. • 


























Gottingen 
Mean Time. 


22. 


23. 


Noon. 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


M. S, 
2 30 
7 30 
12 30 
17 30 
22 30 
27 30 
32 30 
37 30 
42 30 
47 30 
52 30 
57 30 


























Therm, • 



























Increasing Numbers denote 
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OBSERVATORY at 



H. M. S. 

Long, 
day, the of 

ABSTRACT of Term-day Observations. 



ofGottinffen- 
184 - 



Gottingen 
Mean 
Time, 


aPzn INDUCTION INCLINOMETER. B = 

R = (Corrected for Changes of Declination,) 




10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21 


• 


Min. 

1 

5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 


























1 


Therm, • 




























Gottingen 
M,T. 


22. 


23. 


Noon. 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 




Min. 

1 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 




























Therm, . 


























\ 



\ 



Increasing Numbers denote 
U 



/Google 



OBSERVATORY at 



H. M. S. 

Long, 
day J the of 

ABSTRACT of Term-day Observations. 
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of Gottingen. 
184 . 



Goliinr 

gen 
Mean 
Time. 



Hrs. 
10 

11 

12 

Id 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Noon. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 



Baro- 
meter 
Cor- 
rected, 



THERMO- 
METER. 



Dry. 



Wet. 



ELECTRO- 
METER. 



Pos. 



Neg, 



WIND. 



Direc- 
tion. 



\ 
Force. 



Rain. 



Cloudy 

Sky. 
Tenths 



Clouds, 
S^c. 



Remarks. 
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Long. 



H. M. s. 



of Gottingen. 

OBSERVATORY at 

DAILY REGISTER OF MAGNETICAL 



Declioa- 

tion 
Magnet- 
ometer. 



GoU. 
M.T. 



Noon. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 



Mean 
Time 



Ob»er- 
Tatory. 



H. M. 



Read- 
inga. 



IndacUoa 
Inclinometer. 



Readinfifa. 



Ob- 
served. 



Correct- 
ed for 
Decl. 

Changes 



Temp, 
of 

Iron 
Cvlin- 

cfera. 



Bifilar 
Magnetometer. 



Read- 
ings. 



Temp, of 
Magnet. 



Correct- 
ed 
Read- 
ings. 



Barometer. 



Height. 



laches. 



Temp, of 
Mercury 



Correct- 
ed 
Height. 



Inches. 



TW 



'mmp 



141 



dfly, the of 

AND METEOROLOGICAL OBSERVATIONS. 



184 . 



Thermometers. 



Wet. 



Dry. 



Diff. 



Dew 
Point. 



Wind. 



Direc- 
tion. 



Force. 



Bain. 



Inches. 



Extent 

of 

Cloudy 

Sky 

in 

tenths. 



Weather. 



wMy 



Google 



142 mtmmmmmmmmmimmi. 

REGISTER OP TERM OR DISTURBANCE OBSERVATIONS. 

St. Helena. ^. ^ , h. m. s. l*?^ ^P^. 1843. 

Error of Ckron. 10 26 (fast) Long. 1 02 36 fF. of Gottmgen. 



Times of Observation. 


Declination. 


Bifilar. 


Induction Inclinometer. 1 


Chronometer 
( ) 


Gotiingen 
Mean Time. 


Readings, 


Diffs. 


Readings. 


Readings. 


Corrected for 
Declination. 


D. H. M. S. 

17 13 07 49 
12 49 
17 49 


D. H. M. s. 

17 14 

5 

10 


151-3 
151-1 
150-6 


11-3 
11-1 

10-6 


147 '1 
147-1 
147-3 


152-6 
152-8 
152-6 


141-3 
141-7 
142-0 


D. H. M. 


D. H. M. 


Thermometers. 


Barometer. 


fFind. 


Cloudy 
Sky. 


Bifilar. 


Incir. 


Dry. 


Wet. 


Direction. 


Force. 


1 

















Remarks. ( Weather^ 8fc.) 

Note. — ^The observations of the Bifilar Magnetometer were taken at 2 m. 30 sec. after the times specified ; 
the numbers inserted as readings of the Induction Inclinometer are the means of the two readings taken 
immediately before and immediately after the observations of declination. 

The differences of declination were obtained by subtracting an assumed zero (140*0) from each reading. 
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EXPERIMENTS OF DEFLECTION. 

,18 

° ' H. M. S. 

Lai. Long. of Gottingen. 

Suspended, and Deflecting : Lengths and Inches. 
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1 


1 


q=. .a= .r= feet, {Bijilar)k= .^ = 


defleotS 
Magnet. 


Vemiera 
land 2. 


Meant 

of 

Vernien. 


Meant of land a. 

2 and 4, or 
Corrected Means 

of Verniers. 


Differences. 


Bifllar. 


Decli- 
nation 
Magnet- 
ometer. 


Beading. 


T.mp. 


1 

i 




o 


9 t* 


, f0 


o # f» 


• » 




o 




M 


Bans 












■ 







1 - (// - ^ = 1 



P Q 

^ f* ^ r* 



log siu = 

. . . .log = 

arcolog = 

Corrected log sin ii = 
^log = 
ar CO log 2 =_ 

-- approximate log = 
ar CO log s 



X '"» = 



D.I,. 
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EXPERIMENTS OF VIBRATION. 



Lai. Long. of GotHngen* 

Magnet . Weights K =: (^ I" + y^) p / its log. = 

/= feet;2|>s grains; r= feet. 

H. M. 8. 

Chron* of mean time ; rate 



Timei 

of 

Observation. 


Meant of 

Observed Timet 

and 

Intt^rmediate 

ObMrvations. 


Differences. 


Number 

of 

Vibrations. 


lime of 

one 

Vibration. 


Temp, of 
Vibrating 
Magnet. 


Bifllar. 


Readings at 
extremes of 

Vibratioa 
and 

Semi-diffs. 


Readings. 


Temp. 


M. ■. 


O. H. M. ■. 


•. 




■. 


o 




o 




Diff. andl 
Sums . j 


















Means 
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EXPERIMENTS OF VIBRATION. 
Calculation. 



Torsion Circle. 


Scale. 


Readings. 


Diiferences. 
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EXPERIMENTS OF DEFLECTION. 
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Alterations and Additions to the Magnetical Instructions for the 
use of Portable Instruments, Si'c,^ published in 1844, by Lieutenant 
Ridddl; rendered necessary by subsequent Improvements in the 
Instruments or Methods of Calculation, or by tfte detection of 
original Errors and Omissions, 



Page 7. Instruments for a Magnetic Survey. — The absolute declin- 
ation may be determined with sufficient accuracy for the purposes of a 
survey by means of an inverting stirrup . and mirror, using only the 
approximate adjustment of the line of detorsion afforded by the plum- 
met ; it will therefore be desirable in future to construct all Portable 
Unifilar Magnetometers on the plan of the Theodolite Magnetometer ; 
the telescope resting on Y supports, and having a transit axis capable of 
illumination. 

The value of the determinations will depend on the amount of error 
likely to have arisen from the non-exact adjustment of the line of detor- 
sion,* the degree of reliance to be placed on the true inversal of the 
stirrup, and, if a reflected scale is used, the extent to which the direction 
of the line of collimation of the telescope is liable to be changed by 
drawing out the tube to near focus, or by adding a second object-glass. 
The latter source of error may be avoided by following M. lAmont's 
plan of illuminating the wires at the eye end, so that their direct and 
reflected images may be made to coincide together ; but the method by 
scale readings only appears the more convenient with reference to the 
general use of the instrument ; and if the accuracy attainable is thought 
insufficient, it will be preferable to add a spare collimator magnet, stirrup 
and detorsion cylinder, similar to those used in the Portable Declino- 
meter or Theodolite Magnetometer. A separate Portable Declinometer 
should be added at a fixed observatory, or for naval or other surveys ne- 
cessarily provided with Theodolites, or Altitude and Azimuth instruments. 

Page 1, Note. Instruments to be used at Sea. — ^Erase " The ob- 
servations of deflection with the Portable Unifilar or the Theodolite 

* Obsenrations made at Woolwich with a suspension thread 7^ inches in length, 
showed that the torsion error of a thread of that length would prohahly not exceed 

•a 
V or 2' the yalue of — , being about •0006 ; in M. Lamont's instrument the torsion 

F 
error is rendered nearly, if not wholly, inappreciable by using a long suspension 
tube of 24 or 30 inches. 

a2 
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Magnetometer may be made occasionally during favourable weather^ 
&c." — ^The motion of the ship will almost invariably be sufficient to 
prevent the readings from being taken, but the more decided reason for 
the erasure is, that the changes in the direction of the ship's head would 
affect the observed angles to their whole amount, not indirectly only, as 
in the case of Mr. Fox's instrument. The experiments might possibly 
be managed with a certain amount of accuracy by using a second instru- 
ment and having the magnets suspended in a fluid, but the results could 
never be of equal value with those by Mr. Fox's instrument. 

Page 1. Dip Circle. — A New Dip Circle, to be used with reading 
microscopes, has been devised by M. Gauss, and constructed, with modi- 
fications, by M. Kreil and Dr. Lloyd; the inner circle is dispensed 
with, and an outer circle employed instead, read off by verniers attached 
to the microscope arms. Dr. Lloyd's instrument is adapted to needles 
of different lengths, and provided with additional apparatus for experi- 
ments of deflection, rendering it available for the determination of the 
absolute total intensity. The adoption of microscopes will probably (as 
anticipated by Dr. Lloyd) enable the length of the needles to be dimi- 
nished with advantage rather than otherwise, rendering the instrument 
more portable, and counterbalancing in some measure the additional 
cost of its construction. 

At present (pending the result of Dr. Lloyd's trials with needles of 
different lengths) it appears desirable to recommend a 6-inch dip circle 
with microscopes, rather than a 9-inch without ; the deflection apparatus 
to be added or not, according to circumstances. The microscopes are 
provided with finely-divided pearl scales, and, with good planes and 
axles, may be expected to render the instrument available to some 
extent for differential as well as for absolute determinations. 

Page 10. Portable Declination Magnetometer, — To increase the 
depth and breadth of the copper box to 2f and If inches. The same 
alterations to be made in the boxes of the other three instruments. 

Page 11. Portable Bijilar Magnetometer, 

1. To omit the soft iron cylinders, sockets, and supporting arms, as 
the extra expense of an additional copper box and suspension apparatus 
will in most, if not all cases, be more than compensated by the advan- 
tages of having a separate Induction Inclinometer. 

2. To add a suspension roller five-tenths outside diameter when the 
instrument is to be used in low magnetic latitudes, or where the dip is 
less than 45°. 

3. To add a fixed level on the horizontal or torsion circle. 
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Page 12, pages 26^0 dl, and page 69. Induction IncUnometer.--' 
For the Portable Induction Inclinometer the alterations required are to 
substitute solid iron cylinders, 18 inches or more in length, for the 
hollow 9-inch cylinders specified in page 12, to make the distances at 
which they are placed adjustable, and to increase the strength and solidity 
of the instrument. 

For a fixed observatory, the tripod base and horizontal circle may be 
dispensed with, with great advantage, the bars lengthened to perhaps 
2 feet, and their supporting arm made to rest on the top of a stone 
pillar, traversing round a stout fixed pivot; the copper box to be imme- 
diately over the pivot, but unconnected with it. 

The total angle of deflection may be measured by means of a spare 
paper scale, carried out temporarily in the prolongation of the scale of 
the instrument, or by means of one of the portable instruments, with a 
divided circle, in the manner pointed out by Dr. Lloyd in his description 
of the Theodolite Magnetometer. In adjusting the instrumrat, the dis- 
tances of the two bars should be regulated by reference to some pre- 
arranged most convenient value of the coefficient a P, moving the sockets 
in or out until the angles of deflection are of the required amount. 
The mean required amount may be obtained ^approximately on the sup- 
position of no permanent magnetism by the formula 

2aP 

cotan u^ = 



a sin 2 6 ' 



The distances of the bars should be adjusted so as to give an angle of 
deflection somewhat greater than the calculated value (the bars having 
been placed in the direct positions, with their induced and permanent 
magnetism acting together), and the amount of the half difference (D)) 
due to permanent magnetism, should be ascertained by reversal ; the 
actual required values of u and «' may then be obtained very nearly by 
adding and subtracting the value of D from the calculated angle u^. 
The adjustments of the heights of the acting poles must of course form, 
in all cases, the first step. M. Lament's remark, that a state of satu- 
ration, as regards permanent magnetism, may be obtained by dipping 
the iron bars alternately in hot and cold water, in the vertical position, 
has been further confirmed by experience, and the process should 
invariably be gone through before the adjustment is commenced ; the 
adjustment may otherwise be vitiated by a subsequent gradual increase 
of the permanent magnetism altering the relative amounts of the angles 
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u and »'; as it is convenient to make increasing numbers denote in- 
creasing inclination, the directions required for that purpose should be 
considered beforehand, and the bars held accordingly. The limit of 
saturation, as well as the relative amounts of permanent magnetism in 
different bars, may be ascertained by means of the Unifilar Magneto- 
meter ; the angles of deflection with the north end, east, and west, 
being observed on the scale, and not the circle, so that the bar may 
remain throughout in the direction perpendicular to the meridian. The 
observations will show, in addition, whether the permanent magnetism 
is equally distributed or the contrary. Eight or ten alternations appear 
sufficient for saturation if the existing permanent magnetism is already 
in the required direction ; if in the opposite direction, a few additional 
alternations would be required for its removal. It must be borne in 
mind, however, that the state of saturation spoken of is so only as 
respects the magnetizing power of the vertical component at the station 
acting on the particular bar in its particular vertical position, the mag- 
netism will almost certainly be altered if the cylinder is brought in 
contact with a permanent magnet or left near one for a length of time,* 
or if its position is materially changed ; the term permanent can in fact 
be only used in contradistinction to the immediate removal of the tem- 
porary induced magnetism. 

In adjusting either the portable or observatory instrument, it will 
be necessary to attend very exactly to the level of the supporting frame, 
so that the bars may be truly vertical; and, the better to ensure this, 
the ends should be turned, and set accurately to their own particular 
sockets and instruments, and not transferred to another without good 
reason.t As the observatory instrument will have no divided circle or 
attached telescope, the position of the supporting arm must be adjusted 
as accurately as possible to its required position, perpendicular to the 
suspended magnet, by other means than those given in the instructions ; 
as, for instance, by means of a roughly divided circle, drawn or fixed 

* A case of this kind occurred in an instrument lately examined at Woolwich. 
The iron bars were found both strongly magnetic at one end ; and it appeared by 
the packing arrangement of the case that the ends had been within about three 
and five inches of a three-inch magnet, laying in the direction perpendicular to 
them. The immersion process furnishes the means of getting rid of such effects, 
the irregular distribution being removed by immersing the bar in the position 
required to destroy the existing magnetism. 

f The very convenient mode of adjustment of the direction of the permanent 
magnetism afforded by the immersion process, makes it unnecessary that more 
than one end of each bar should fit the socket ; the remaining portion may be left 
unturned. 
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on the top of the pillar, enahling the bar to be set approximately to 
the required angle ; if the distance were sufficiently large, it could be 
done by turning the bar in azimuth, until the angle of deflection became 
a maximum^ but the experiments made as a test of this method have 
shown it to be inapplicable at the short distances hitherto used. 

The object of increasing the length of the bars is to obtain an equal 
deflection at greater distances, so as to diminish the proportion borne by 
the diameter of the bar to its distance and to the length of the magnet. 
How far the increase may be advantageously extended has not yet been 
determined ; the length recommended (2 feet) may prove smaller than is 
desirable, or other practical considerations, depending on the means of soft- 
ening, &c., may make it a greater length than can be conveniently allowed. 

Page 13. Portable Unifilar Magnetometer, — To have the following 
alterations : — 

1. To be constructed in general for a fixed observatory, with 9 -inch 
circles, divided to 12" or 0'*2, and haying three verniers, the dimen- 
sions for a survey to be regulated by circumstances. 

2. The telescope to rest on Y supports, as in the Theodolite Mag- 
netometer, and to have a transit axis capable of illumination ; the tubes 
to be constructed so as to reduce the probable error from change of focus 
as much as possible. 

3. A fixed level to be attached to the plate, and a detached riding 
level to be added for levelling the axis of the telescope. 

4. The glass tubes to be about 8 and 10 inches in length. 

5. The scale to be divided hi an angular value of 1 ' or 2^ ; the length 
of the telescope arm to be reduced as much as may be found expedient. 

6. Two metal rings, for determining the moment of inertia, to be 
substituted for the cylindrical weights. 

7. The stirrup, with azimuthal motion, to be dispensed with, sup« 
plying three instead of four, except for a long survey, when a second 
inverting stirrup should be added. 

8. The two spare magnets to be of 3 and 3*67 inches. 

9. The copper and wooden boxes to have each a circular aperture at 
the back, and to be of sufficient length for the suspension of a 4-inch 
collimator magnet. 

The further addition of a collimator magnet stirrup and detorsion 
cylinder, and of a table-top*, for the stand, would render the instrument 

* The table-top was added by Dr. Lloyd to remove the magnet from the brass- 
work base cf the instrument ; the errors from this source should be ascertained 
experimentally with every instrument, and their variations from place to place 
calculated and allowed for if necessary. 
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identical with the Theodolite Magnetometer. As the distinction between 
the instruments will consist only in the magnets, it will be desirable to 
use the same name, ** Theodolite Magnetometer," in both cases, reserv- 
ing that of Portable Unifilar for instruments not useable as theodo- 
lites.* 

Page 16. Portable Deelinomeier. 

1. The divisions on the glass scales to be limited to 100, placed 
centrally, the length of the magnets not being sufficient to admit of a 
larger number being used with advantage. 

2. To substitute a metal ring for the cylindrical weights in the addi- 
tional apparatus for experiments of deflection. 

Pages 22 to 26, and pages 74 to 82. Adjustments, Sfc, of the Bifilar 
Magnetometer. — The horizontality of the suspended magnets of the 
Bifilar, as well as of all the instruments, should be examined before the 
commencement of the adjustment, and be invariably set right. The 
addition of a fixed level on the horizontal or torsion circle of the Por- 
table Bifilar will enable the instrument to be levelled without the use of 
the plummet, and the adjustment may be made either with or without 
the single suspension, as found most convenient. 

The mean reading of the Bifilar Magnetometer is often changed con- 
siderably within a few days or hours of the completion of the adjustment 
by a gradual stretching of the suspension thread and a new value given 
to the coefficient. In such cases, the interval of the threads should be 
re- adjusted at the close of each day or week, till the mean position has 
become comparatively stationary, bringing the magnet back on each 
occasion into its position of adjustment, perpendicular to the magnetic 
meridian, and making the zero division to coincide again with the 
vertical wire. At stations such as Toronto, exposed to a wide range of 
temperature, the di£Ference between the actual and mean annual tempe- 
rature should be taken into consideration at the time of adjustment, and 
a corresponding deviation allowed in the final position of the bar ; for 
example, if an adjustment were to be made at Toronto, in the month of 
January, with the thermometer attached to the instrument at 28°, and 
that the mean temperature of the magnet throughout the year was likely 
to be about 58°, the interval of the threads or wires should be adjusted so 
as to obtain a scale reading equal to the true zero division + the change 
of reading corresponding to a change of 30° of temperature, not the zero 

* The magnets required should be specified in ordering the instruments. The 
entire use of collimator magnets cannot be recommended at present^ owing to the 
great nicety required in their construction and adjustment, and the more general 
conTcnience of the mirror and scale. 
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division itself. The mean position of the magnet may also require 
alteration, in consequence of loss of magnetism in the suspended magnet, 
hut no alteration of the interval of the threads should be made on this 
account without a positive certainty of the truth of the fact, derived from 
simultaneous absolute determinations. In order that the employed 
value of the coefficient may be strictly correct, the amount of the angle 
v, used in its calculation, must correspond to the actual mean difference 
in the direction of the line of detorsion and magnet, and the mean posi- 
tion of the latter must be in the' direction perpendicular to the magnetic 
meridian, so that the angle at which the magnetic force acts may be on 
the average of 90°. 

Page 80. The application of the correction for induction to the ob- 
served time of vibration has been omitted in the example of Bifilar 

adjustment, page 80. The coefficient f 1 -| j should have been 

applied to the value of ^ (the time observed with the magnet in the direc- 

A tn 

tion of the meridian), but not to that of f^; assuming to have been 

m 

equal to *0050, the value of k calculated in page 82, should have been 
* 000166, instead of '000165, the difference is inappreciable as com- 
pared with the probable errors to which the observations are exposed by 
alteration in the force of torsion, hygrometric changes, or other causes. 
The induction effect enters also into the observed times t' and r, and 
with opposite signs. The correction should be applied in the final cal- 

culation of the coefficient by the formula A = a — but may otherwise 

be disregarded. 

In adjusting the Observatory Bifilar, it is desirable not to alter the 
azimuth of the mirror during the course of the adjustment, but to set it to 
the required angle and inclination in a preliminary approximate adjust- 
ment, and observe the time of vibration with both suspensions without 
change. 

The degree of reliance to be placed on the small Bifilar instrument 
would be increased to a great extent by the adoption of a glass suspen- 
sion, not subject to hygrometric changes.* 

Page 44. Absolute Horizontal Intensity. — The moment of inertia of 
the deflecting magnet and stirrup may be determined with greater accu- 

* It is Tery desirable that the degree of confidence to be placed in the Bifilar 
with silk suspension should be fully tested by ascertaining practically the changes 
of reading produced by alterations of length consequent on hygrometric changes. 
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racy and convenience by substituting metal rings for the cylindrical 
weights. The moment of inertia with the rings is obtained by the 
formula 

K' = i(r»+r'«)W, 

r and t\ denoting the inner and outer radii expressed in feet and deci- 
mals of a foot, W the weight in grains. The moment of inertia of the 
magnet and stirrup is to be calculated as before by the formula 



Page 46. Experiment of Deflectwn^^T^it instructions for the cal- 
culation of the experiments of deflection made on Lamont^s method 
should have included the application of a correction for the inducing 
action of the earth*s magnetism. 

In experiments of deflection, made on Gauss' principle, the deflecting 
magnet is always perpendicular to the magnetic meridian, and no cor- 
rection is required. In experiments of vibration, the mean direction of 
the suspended magnet coincides with the magnetic meridian, and its 
magnetic moment is increased by the whole effect of the horizontal in- 
ducing action, probably to a greater or less amount, according to the 
quality of the steel. 

In experiments of deflection, made on Lament's principle, the deflecting 
and suspended magnets being kept always perpendicular to one another, 
the deflecting magnet deviates from the line perpendicular to the me- 
ridian to an extent equal exactly to the observed angle «e, and the effect 
of the induced magnetism is to diminish the acting magnetic moment 
and the amount of the angle of deflection, and in lieu of the observa- 
tions giving directly the ratio of m and X, they give the ratios of 
(m — A m sin u) and X, i.e. 

m — A m sin tf ^ . . / =r p-— \ 

X \l + 7 + -^+&c-/ 

sin M / 1 \ 

' m \ r r / 



and 



A wi 
The quantity varies with the changes of m and X, and if the 

magnet loses force, will not be constant even at the same station; assuming 
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the induced magnetism to be directly proportional to the amount of 
inducing force, t. e. 

Am : Ai»^ :: X : X^ 



then 



'0» 



m i»„ X^ X' 



A flML 

And the value of to be used in calculations at different times or 

m 

stations must be obtained by the formula 

Am Am, X^ Am^ A» 



-9 

m m^ m m^ A 

' denoting the value of found by experiment, and Ao, the cor- 

m^ m 

responding or simultaneously observed value of -^. 

The true absolute value of the horizontal intensity cannot be ascer- 
tained at any station without the application of this correction ; but the 
determinations of secular changes at a fixed observatory will be but little 
affected, provided the same deflecting and suspended magnets are con- 
tinued in use, without undergoing any considerable loss of force, and 
that the angles of deflection are kept nearly to the same amount. The 
corrections will be constant in such cases, both for the effects of induc- 

p Q 

tion and for the additional terms -j- and — r-; the values of these cannot 

T T 

be ascertained from observation on Lament's method without previous 
correction for induction. 
The formula for the correction of sin u should be altered as follows : — 

sin u =: sin «„ 



(\^(t!-{)q). (l^^smu\ 



In experiments of deflection, it is desirable to set the vernier to the 
nearest degree or nearest division of the circle ; note the actual scale 
reading, and then correct that of the circle for its difference from the 
zero division, rather than each time to bring the zero division on to the 
vertical wire. Much time will be saved and the observations made with 
greater accuracy. It will also be found convenient to enter the seconds 
readings as decimals; '33 and '66 for 20" and 40," -2 '4, &c., for 
12" 24," &c. 
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Page 56: Induction correction to the observed time of Vibration, — 

A fn 

The value of to be employed in the correction must be calculated 

m 

for di£ferent station^ and different periods by the formula = r- 

'^ '' m m^ A 

its definition at the foot of the page is wrong also, as applied to observa- 
tions on Lamont's method, and should be corrected to :=: the 

m 

increase in the magnetic moment of the deflecting magnet during the 
experiments of vibration produced by the earth's inducing action. 

Correction for rate, — For + when losing and — when gaining, read 

— when losing and + when gaining. 

Page 54. Calculation of the Induction Coefficient. '^-Tht value of 

A m 

— may be better determined by placing the magnet to the north and 

south of the Magnetometer, rather than to the east or west, as directed 
in page 54 ; the line joining the centres will then be perpendicular to 
the axis of the suspended magnet, making the angle of deflection a 
maximum, and in other respects facilitating the practical working of the 
experiment. The alterations in the deflecting force of the magnet ob- 
tained by this method are extremely small, and in high magnetic lati* 
tudes especially no satisfactory results can be expected without very great 
accuracy in the fulfilment of the conditions of position, and without a 
great repetition of the observations. The method followed by M. La- 
mont appears better calculated for high latitudes, and is stated by him 
to have given satisfactory results : it consists in the employment of a 
Unifilar instrument, with divided circle, observing large angles of 
deflection, with the bar erect and inverted in the vertical position : the 
induced force is then proportional to the vertical instead of the horizontal 
component, and in high latitudes the eflect is increased. 

in 
The corresponding value of -=- the ratio of the magnetic moment of 

the magnet to the absolute value of the horizontal component, must be 
determined in all cases at the time of the experiment, whatever method 
may be employed. 

Page 64. Example of Eocperiments of Deflection with the Portable 
Declinometer, — In this example the value of the angle u should more 
properly have been calculated by the formula tan m = ;» tan a : although 
owing to the small amount of the angle and the uncertainty in other 
respects of the determination, its not being so was immaterial. With a 
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circular detached scale set to the radius of the actual distance, the dif- 
ferences of angles corresponding to the differences of scale readings are 
obtained at once by multiplying the differences by the angular value ; 
with a straight reflected scale, all large angles must be calculated by 
the formula tan 2 u =:ntsxi 2 a, and with a straight collimator scale by 
the formula tan 2^ = n tan a. 

Page 66. Uhi/ilar Magnetometer far a fixed Observatory. — 1. This 
instrument may be much improved by substituting a tripod base for the 
stone block or slab, and making the deflecting bar support to consist of 
a single bar, 3 feet 6 inches or 4 feet in length ; so constructed it will 
be similar as respects the base, boxes, &c., to the corresponding portable 
instrument, but without its divided circles or attached telescope. An 
instrument, with detached scale, may be observed more conveniently and 
quickly than those read off by verniers, and if the scale is made of glass 
and attached to a stone piUar, independently of the telescope, and the 
position of the Magnetometer is not liable to alteration, the results 
obtained will probably be of fully equal accuracy ; or at all events, if the 
same distances are adhered to, their monthly differences will be correct. 

Page 61. — 1 . The paper scales are now engraved from a plate, in lengths 
of 700 divisions, 35 to the inch; scales of other intervals must be 
specially ordered, and will be divided by hand. Glass scales are recom- 
mended by M. Lamont, and appear much to be prieferred.* 

2. The inertia rings should be substituted for the cylindrical weights. 

Page 68. Bifilar Magnetometer. — The box should be made of slate 
in preference to wood, and of increased depth ; the double panels may be 
dispensed with and the sides constructed as in the other instruments. 
The azimuthal motion of the stirrup may also be dispensed with with 
advantage, and the mirror made somewhat larger. The reading teles- 
copes of this instrument, and of the Induction Inclinometer, should not 
be provided with a rack-work motion of adjustment. The telescope of 
the Unifilar only may require it. 

Pages 11 and 72. Adjustment of the Unifilar. — ^The instructions in 
page 72 will, of course, not apply in every particular to an instrument 
on a tripod base, but the alterations do not require special notice. 

Page 83. Experiments ofDefiection^ with an Observatory Unifilar. 
-—The adjustment of the position of the deflecting bar support, given in 
page 83, moving the bar in azimuth until the reading becomes a maxi- 

* A glass scale 12 inches long, divided to lOOths, might probably be used to 
advantage at a distance of 34*38 inches, giving it an angular value of 0'*5, and 
making the range for deflections 600 divisions but only 5°. 
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mum, may, in some instances, prove practically incorrect ; the posi- 
tion must be adjusted in such cases by estimation or other more accurate 
means to half or a quarter of a degree. The observed angles will 
require no correction for torsion, if the instrument rests on a tripod base, 
and is moved in azimuth. 

Page 91. Soft iron Cylinders, — ^The distances at which the bars are 
placed during the experiments maybe varied, if necessary, from those of 
after adjustment, provided their due relative proportion is retained ; the 
exact positions of adjustment are, however, to be preferred in the present 
state of the subject. The bars must be saturated by the immersion 
process (using boiling or nearly boiling water), before the experiment 
can be commenced, and the alternations during the experiment should 
be kept most carefully toithin the natural changes to which the bars will 
be exposed. The permanent and induced magnetism of the two bars 
must be made to act together, as in the after adjustment. 

Pages 94 to 97. Examples of Temperature Experiments, '^^Tht tem- 
perature of the permanent magnet was raised at least 10^ or 15° too 
high in this experiment, and that of the iron bar still more so. The 
temperatures after the first alternation ought never to exceed 80"^ or 85°, 
unless in special survey cases, where the magnet is sure to be exposed to 
a higher temperature. 

Page 98. To substitute the following List of Instruments and Prices : 

£. s, d, 

1. Portable Declinometer, with spare stirrup, 

magnets, &c 10 10 

Portable stand ....*.... 2 10 

Additional apparatus for experiments of deflec- 
tion and vibration 2 10 

2. Five-inch Altitude and Azimuth Instrument, 

divided to 30", with transit axis, diagonal eye 

tube, lamp, &c 21 10 

Triai)gular stand 2 10 

3. Six-inch Theodolite Magnetometer, with solid 

instead of collimator magnets, mirror stir- 
rups, and reflected scale 27 10 

Portable stand 2 10 

4. Nine-inch ditto and stand 40 

5. Six-inch ditto, with four collimator magnets 

and stand, according to specifications . • 30 
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£. s. d. 

6. Portable Declination Magnetometer and stand. 12 

7. Portable Bifilar Magnetometer and stand . . 19 

8. Portable Induction Inclinometer and stand 

(about) 22 10 

9. Uni61ar Magnetometer for a fixed Observatory, 

with apparatus for experiments of deflection 

and vibration, reading telescope,long scale, &c. 14 10 

10. Observatory Bifilar Magnetometer, reading 

telescope, &c 11 

11. Observatory Induction Inclinometer (about) . 18 10 
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OBSERVATORY at 
ABSTRACT of hourly Observations made during 



Date 

GotHngen 

Mean Time. 


Sxn2B. Cosu Sin D Cos S k 
"* ^2SinS.CosD Sin V Cosu a 

INDUCTION 

Corrected for changes 


Noon, 


1. 


2. 


S. 4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


18. 


14. 


15. 


16. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 




































Sums . . . 


































Means . . 
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i-^-.tJ^-^- 




























1 






a^<5'^(7-e»p. 
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Corv^ Means 
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Dium\ Varia"^ 
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Increasing numbers denote a movement of the North end of 
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H. M. S. 



the Month of 



Long, 
184 



of Gottingen. 
Zero of 



Inclinometer Readings . , . 
Inclinometer Thermometer 
Declination Readings .... 

Bifilar Readings 

Bi^filar Thermometer .... 



1L= S = 

a 
INCLINOMETER 

of Ueclination, 



Inclination corresponding to the several Zeros = 



18 



19. 



20. 



21. 



22. 



23. 



Sums. 



Means. 



Fort- 
nightly 
Means, 



Corr^{Sc. 
Div.)for 



H. F. : Temp. 



CoTf^ 

Means, 



Inclina- 
tiont 



the Magnet towards the 



, and 



Inclination. 
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OBSERVATORY, at 



day^ the of 

DAILY REGISTER OF MAGNETICAL 



G6U. 
Mean 
Time. 



H. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 



Mean 

Time at 

Obaenra- 

tory. 



Readings. 



Declina- 
tion 

Magnet- 
ometer. 



Induetion 
Inclinometer. 



Readings. 



Ob- 



Con*, for 
Declin. 
Change*. 



Temp, 
of 
Iron 

Cylin- 
ders. 



BIfilar 
Mognetometer. 



ings. 



Temp. 

of 
Mag. 
net. 



Readings 
reducea 
to 
Faht. 



,ja^ 



Balance Mag- 



Read- 
ings. 



Temp, 
"of 

Mag. 

net. 



^hv 



<Xoch\ 



Height 



Barometer. 



Temp. 

of 
Merc. 



Stand- 
ard. 



19 

H. M. S. 

184 Ltmg. of Gi>ttingen. Lot. 

AND METEOROLOGICAL OBSERVATIONS. 



Thennometen. 



Dry. 



Wet. 



Diff. 



O o 



Hu- 
midity. 



Ten- 
sion. 



Corrected 



at 320 
Fabt. 



Inches. 



P'Orrected 
Barometer 
— Tension. 



Inches. 



Dew 

Point. 



Wind. 



Direc- 
tion. 



Force. 



Rain. 



Inches. 



Extent of 
Cloudy 
Sky in 
Tenths. 



Weather. 



'Lioogle 
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REGISTER of Term or Disturbance Observations. 



184 



Error of Chron. 



H. M. 8. 

Long. of Gottingen. 



Times of Obwrration. 



ChroD. 
C ) 



Mmui 

Oattiogen 

Time. 



Deelina- 
tiou. 



Bifllar. 



Raadinn 
it opaht 



V. F. Magnetom. 



Botdingf. 



Readingt. 
at OPaht 



Induction Indin. 



Beadinge. 



Readings oon. 
forDea. 
changes. 



Thermometers. 



Bifllar. 



V.P. 



Inclinr. 



Dry. 



Wet 



Barometer. 



Height. 



Temp, of 
Mercury 



Wind. 



Direction. Force. 



Cioody 
Sky. 



The readings of the Bifilar were taken m. s. after, the readings of the V. F. 
M. s. before, and the readings of the Induction Inclinometer at 
, the times specified in the same horizontal lines. 
Remarks, 
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Magnet suspended and 



21 

deflectnu;; lengths 



and 



184 
inches. 



Mag. 

net. 
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OBSERVATORY at 

suspended ; for which magnet q 



184 
and the log of tt 'A = 

H. M. 

chron. ( ) of mean time at station ; rate 



Times of 
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log=. 
log = 



T' = 



V86400 ^ 16 / 



, . log = 

log ar-co = 

log = 



, . H . AX ,, ^ Am 



1 + 2 * (/'-O « 



log = 



T»log = 
* «K log = 
log =_ 

.x=iiHi±ii^f:zfw,,,= 



Fa. 



T« 



Digiti 



zed by Google 



LONDON : 

Printed by Wiluam Clowks and Sons. Stamford-street. 

For Her Majeaty's Stationery Office. 



Digitized byVjOOQlC 



Digitized by 



GdS^Ie 



Digitized by VjOOQ IC 



Digitized byVjOOQlC 



Digitized byVjOOQlC 



Digitized byVjOOQlC 



YC I I CSG 




r^(l 'tO-L^ i 






THE UNIVERSITY Of CAUFORMA LIBRARY 



y> ' ..i«.s;»*^/,"--^y^.;>ft-/^ ' ^A-'»7'«*^ %•!■*<•«*«.'' '^j * t ' V\S r?^ "^ .- ^^v^vv* « 





e laitized bv VjO O*^ LC 



Digitized byVjOOQlC 



